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ADVERTISEMENT. 



JLt is presumed that the following pages may encourage 
the growth of chemical knowledge in the tyro of its 
science. Experiment is an inviting field, and chemistry 
is a science of experiment — the time is now past for 
speculation and hypothesis either to claim or receive 
attention. 

This little volume is the work of one allowed to he 
a successful experimentalist; and may possess several 
advantages over its contemporaries. None of the experi- 
ments are admitted on the ipse dixit of any one, having 
undergone frequent repetition and scrutiny. Many are 
entirely new, and the whole systematically arranged 
imder distinct sections, so that the experimenter, as he 
progresses, is gradually led through the entire range of 
chemical phenomena. The circumstances which ensure 
successful results are pointed out and explained ; to each 
illustration an ample explanation is appended, and those 
^ of difficulty or danger have superadded the necessary 
caution. 



This manual is written with a view to invite the 
dent of nature to a very lovely^ interesting^ and m 
branch of knowledge^ by soft^ng down the asper 
and difficulties of chemical research ; and it is h( 
the end in view may be accomplished. 



PREFACE 



TO THE THIRD EDITION. 



X HE sale of nearly two thomand copies of this little 
work is a sufficient evidence of the puhlic approbation^ 
and has stimulated me to still greater exertion in bring- 
ing forward the Third Edition. While the former 
arrangement is continued^ new experiments are added, 
and the explanatory plate and wood-cuts will, it is hoped 
be found a considerable improvement. I have with- 
held no effort in my power, to evince my grateful sense 
of popular favour, in the success which has crowned 
these endeavours to extend the knowledge of chemical 
principles, so important in the economy of life. 

I have distinguished by asterisks such chemical phe- 
nomena; or new, or modified methods of their exhibition, 
as I may fairly claim for my own. This is not done in 
the spirit of egotism, but is founded on the principles of 
self-defence. My knowledge of chemical phenomena 
. stands committed for the accuracy of the experiments 
described, and their explanation. As far as may b^ ^lo^x- 



sistent with my task^ I have discarded theory; an 
where the question has forced it upon me^ have ii 
dulged in as little ^peculation as possible. A moi 
elaborate and extended vindication of my views an 
opinions^ on the subject of flame and the safety -lamp^ 
elsewhere eliminated. 



1 July 



Hull, \ 
, 1833. j 



EXPLANATION OF THE PLATE. 



¥kQ. 1. The oompound G«b BlQii^Hpe, wbieii^ h 0up]di(td, by compiewion, 
wkb several ataiospheerw of* mixiUiie of iwo ▼ohmuvi of bjrdrogene anfll 
one yolume of oxygene. It is introduoe^ 1^ abe v ibe fUtoehniont of ttie 
safety box to the jet pipe, containing numerous folds of wire gauze. The 
adjunct is that of Dr. Hope, and with this arrangement I have made 
numerous experiments, in perfect safety, without oil or water in the 
ceU. 

Fig. 2. The Alcoholic Blowpipe, on the principle of that of Dr. Hook. 
It is used in France, and is a very powerful instrument If a quart of 
water, contained in a tin canister, be exposed to the agency of its flame, it 
is boiled in about 2§ minutes. 

Fio. 3. A little invention of Mr. Towson, of Dcvimport — it consists 
of two spiral coils of steel and brass, to which wires are attached, capped 
with pith balls. The divergence of the pith balls exhibits the influence of 
heat upon the coils ; and when separated, the application of ether caufle» 
them to collapse instantly, from the cold, occasioned by its evaporation. 

Fig. 4. A Glass Ball, containing ether, with a gas jet attached to it ; 
the application of heat to the ball occasions the conversion of ether into 
gas, or inflammable vapour, (Oliflant Gas ?) The heat, occasioned by a 
mixture of sidphuric acid and water, is sufficient for this purpose, and 
illustrates a phenomenon connected with latent caloric. 

Fig. 6. Th« Thermomeire MetaUique of the late M. Breguet. It is 
composed of a coil, consisting of gold, platinum, and silver lamine, sus- 
pended from a support. The last, or lowest ring, carries a delicate gold 
index, which, by its march, indicates the temperature, as ascertained by 
the divided circle on the dial over which it moves. I purchased this 
instrument from M. Breguet, and in its extreme sensibility for detecting 
minute changes of temperature, otherwise inappreciable, is a most valu- 
able a^unct to refined manipulation. 

Fig. 6. Jackson's Inflammable Lamp Apparatus. It appears to me to 
be the best and most simple application of the curious fact discovered by 
Dobreiner of Jena, namely, that finely divided or " spongy" platinum is 
ignited by a current of hydrogene. ITie lo'ww\s«X\. \\ ^vt^^ve^-n^xSJa. >^*. 



XVI. 

materials for generating hydrogene, which are itript or fragments of zinc, 
water, and sulphuric acid, when the hydrogene is erolTed, it occupies the 
lower ball, ice. and presses the liquid into the other stem. The produc- 
tion of gas ceases when the liquid sinks beneath the laminsB of zinc ; and 
when the stopcock is turned, the gas rises, and is impelled toward a small 
box or cavity containing the platinum, which being ignited, kindles, in its 
turn, the jet of hydn^fene, and this at the same moment lights a wax taper 
interposed between them. 

Fio. 7. Wollaston's Steam Engine Principle, a simple and beautiful 
apparatus, wherel^ the elevation and depression of the piston, by the 
elasticity of steam, and its condensation, becomes strikingly evident 



REMARKS 



ON 



THE NEW NOMENCLATURE, 



AND 



THEORY OF DEFINITE PROPORTIONS, 



WITH A 



DEFINITION OF THE GASES, AND METHOD OF 

PREPARING THEM. 



INTRODUCTION. 



I.—THE NEW NOMENCLATURE. 

Xhere is of necessity a Nomenclature in ev^iy 
^odce; and Chemistry has its peculiar terms as well 
as other departments of knowledge^ though we believe 
that its principles may be acquired without any extra- 
ordinary expenditure of m^ital exertion. 

In the construction of the language of modem che- 
mistry the terms employed happily express the materials 
of which bodies are composed; and being thus descrip- 
tive> become apposite and appropriate. Were the 
nomenclature of this science the exclusive property of 
any people or country^ it would be a ** sealed fountiedn" 
to all else beside, but since chemistry is the birthright 
of all, her legend must be formed of plastic materials 
obtained from a common source, that all may read the 
history of her wonders. The terms of the modem 
nomenclature ai-e therefore obtained from that language 
which is venerable for antiquity — ^the vehicle of classic 
song, which has ever formed an essential part of the 
scholastic studies of Europe — ^sigm&caxiX e^\)k!kftX& vtc^ 
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employed, having their Tbot in this spring of universal 
recognition, and are selected as descriptive of the form 
and character of chemical research. 

A proper estimate of the superior value of the new 
nomenclature may be best obtained by comparison, con- 
trasting the new and old in juxta position; and we much 
mistake, if, while it throws the old terms into the back 
ground and the shade, it does not bespeak a ready 
acquiescence in favour of the new nomenclature. In 
this estimate and contrast, amplification would be useless 
and uncalled for, the selection may therefore be limited 
and yet supply an ample specimen. Oil of tartar, oil 
of vitriol, butter of antimony, horn silver, sugar of lead, 
and cream of tartar, are terms altogether void of mean* 
ing, and " signify nothing.*' The nomenclature, which 
forms a part of this volume, will supply abundant mate- 
rials of a similar complexion. Is sugar of lead said to 
be descriptive of its peculiar sweetness ? — so are the 
salts of ittria and glaucina in a still higher degree. Oil 
of vitriol, &c. mislead by the adjunct oil, as the chemical 
constituents of oil are entirely absent. In the term 
copperas we consider copper to be present ; and we 
naturally enough expect to find lead in " Black Lead ;'* 
while the former is a sulphate of iron, and the latter a 
compound of iron and carbon. Nor is this the worst of 
these antiquated and unmeaning epithets, for the un- 
wary would little suspect & fatal poison under the gifted 
name of " Acid of Sugar.'' 

When we turn to the new nomenclature, a more 

welcome ; language presents itself, though it cannot be 

reasott&bly expected, that we are enabled to a^j^ly terms 



critically descriptive of some iiitariable feature, to all 
the pripci])les and element of chemical researclt. Could 
this indeed be eftected, the structure erected would 
he a durable monument of skill, it would be stamped 
with a permanence which nothing could by possibility 
destroy, and the noveltiea of discovery could never alfecL 
Chlorint! and iodine are examples of this description, 
the names are full of meaning, and the features on 
which they are founded can never change. Chlorine as 
chlorine, whether simple aa now considered, or hereafter 
proved to be compound, can never cease to be presented 
in a green attire i and iodine in the stale of vapour will 
erer assume a violet colour. Chlorine is derived from a 
Greek word signifying green; and iodine fi'om a. Greek 
word importing violet. So far these names are expres- 
ive and appropriate. 
Oxygene is a species of elastic air or gas ; we do not 
ly that the name conferred on it is dritically correct, 
e it Las no right lo an exclusive monopoly of the 
which implies it to be the acidifying principle ; 
lut though it be connected with the production of acid 
'e find that there are acids, into the constitution 
of which oxygene does not enter ; such as hydro-sul- 
phoric acid, hydro • chloric acid, and hydro-cyanic, 
hydro-iodic, and hydro-bromic acids. Indeed, there 
Are examples wherein the base may form acids aa well 
with hydrogene aa with oxygene, as sulphiu-, iodine, &c. 
L 3f sulphur be burnt in oxygene, sulphurous acid, in the 
I Mate of vapour, will be the product ; hut if potassium be 
^L heated in this vapour the oxygene will be abstracted 
^^Mcom the elastic gas, and transferred lo the ^a\,;i%wvnv. 
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giving rise to the alkali called canstie potaftsa ; so that 
the combination of one base with oxygene foims an 
acid^ and another base with it, an alkali. 

Oxygene howeter> in combination with metals, in 
minor proportionals, forms compounds, known under 
the general names of oxfdes, as oxyde of tin, or oxyde 
of iron ; but as these proportionals are fixed and definite 
in quantity, the prefix pro (or proto), or the prefix per, 
are conjoined to denote the lesser or greater weight or 
measure of the combined oxygene. These are the ex- 
tremes, and the intermediate space or links between 
them are described by the Greek numerals deuto, trito, 
&c., such as the deutoxyde of lead, or lead c'ombined 
with two determinate proportionals of oxygene an^ 
tritoxyde of manganese, or manganese in chemical com- 
bination with three measures of oxygene. 

When sulphur combines with oxygene to form an 
add, having distinct and specific powers of acidity, that 
acid will have its title or distinction conformable with 
the amount or degree of acidification, and a simple 
change in the term will announce its nature. Hence sul- 
phur-0M« and sulphu-Wc acids, the former being the 
weaker degree of acidity, and the latter the greater 
acidity ; and the occasional use of the prefix hypo im- 
plies a still inferior proportional of oxygene, and of 
necessity an inferior acidity. Thus hypo-sulphurous acid 
is a compound of 100 vapour of sulphur -|- to 25 of 
oxygene ; sulphurous acid is composed of 100 sulphur 
-|- to 100 oxygene. Hjrpo-sulphuric acid consists of 100 
sulphur -|- 125 oxygene; and sulphuric acid 100 sul- 
phvLT -)- 150 oxygene. Combinations of the former with 



alkaHiiie earths or metallic bases would be hyposulph-<(e£ 
or svilph^ites, as hyposulphite of potassa^ and sulphite of 
liQie> or sulphite of iron ; and in the latter^ hyposul- 
ph-a^ or sulph-a(e$, as hyposulphate of magnesia^ and 
sulphate of manganese; deuto-sulphate of maogeuiese 
poinl^ out the combinadon of sulphuric acid with the 
deutQxyde of that metal. When hydrogene is covi- 
oemed in the acid change which supervenes^ hydro is 
ihe apposite prefix, as hydro-cyanic acid, as oxy is in 
eases where ox3rgene is connected. Hence oxyiodic acid. 
Measures of the combined acid have in like manner disr 
tinctive appellations as descriptive of quantity; caxbonajte 
or chromate is descriptive of the neutral sal,t. Bicar- 
bonate of magnesia, aud bichromate of potassa. yield u^ 
the specific information that the former is composed of 
two proportionals of carbonic acid,, united with the earth 
called magnesia^ and the latter, two of chromic acid with 
potassa. We have also binoxalate, quadroxalate^ and 
tetraoxalate of potassa, or potassa combined with two, 
four or five proportionals of oxalic acid. 

Hydrate is a term which is applied to express the 
combination of water with a metallic oxyde; hence 
we say hydrate of lime, and hydrate of copper. It is 
substituted for the word hydro-oxyde. An anhydrous 
salt implies the absence of water of crystallization or 
composition. 

Combinations of carbon, sulphur, phosphorus, &c., not 
being acidified by oxygene, &c., are termed carburets, 
sulphurets, or phosphurets, in general terms ; or speci- 
fically proto-sulphurets, per-carburets, &c. 

In some instances triple salts are formed. Iw\}ecA 
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cace the teim applied most express the comhinatioii ; 
and as one of these may act in concert with the acid, 
and not iorm a double base, we say soda-muriate of gold; 
sodarmnriate of rhodium ; ammonia-solphate of potassa; 
baryta-sulphate of platinum ; ferro-cyanate of potassa ; 
potassa^snlphate of nickel ; and so on. In the salts of 
the earth, called glauema, there is a sulpkate and a 
Menqvuulphate. The latter term denotes an added pro- 
portional of base ; thus, the sesquisulphate of glaucina 
consists of 100 proportionals of snlphnric acid and 98-4 
of glaucina, whereas the sulphate is composed of 100 of 
add and 64*1 of base. 

This brief description must speak powerfully in foyour 
of the new nomenclature ; since, however imperfectly 
explained, and limited in examples, there is ample 
proof, that in reference to expressive simplicity and 
usefulness, there can be no just comparison between it 
and the old. 
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II.— THEORY OF DEFINITE PROPORTIONS. 

JL H£ term atom, as used by Democritus, signified the 
unchangeable elements into which matter was ultimately 
diyisible. If a given quantity of acid and alkali be 
mixed together, there is a point when their respective 
characters are extinguished. This was called the point 
of saturation ; and modem chemists, perceiving that this 
had a fixed and determinate limit, and that different 
acids required different proportionals of any given alkali, 
for this end, assigned to the law in question the term of 
definite proportions. 

It is readily allowed that Mr. Higgins, of Dublin, 
first entertained the singular and fortunate idea that 
bodies might combine as 1 to 1, 1 to 2, or 1 to 3, &c. ; 
and so far the merit is conspicuous, and praise must be 
allowed ; but at this period the data were far too few to 
become the groundwork of any general conclusion. It 
might or might not be. It cannot be considered there- 
fore in any other light than as a pretty speculation, for 
it wanted the requisites of inductive science to recom- 
mend it to attention and acceptance. Besides, Mr. 
Higgins seems to have abandoned his offspring as soon 
as it was bom, for we hear no more of it even from him; 
and the question was suffered to slumber in forgetful- 
ness, till Dr. Dalton established the ha^^y (loxvcVxvsvss^ 
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through the medium of experimental research. It was 
then fixed on an immutahle basis, and warranted univer- 
sal reception. We would not withhold the meed of 
applause from an acute and brilliant idea^ though our 
praise must chiefly alight on him who established the 
doctrine by the evidence of fact. It can now no longer 
be controverted, and the chain of evidence is complete 
at every link. The united testimony of every scientific 
lehemist guarantees its truth. 

We are therefore now no longer at liberty to suppose 
that bodies combine iA any, or in indeterminate pro- 
portions, or otherwise, than by a fixed and invariable 
law. The combination is always uniform, and in a con- 
tinuous ratio; or in other words, in definite quantities or 
proportions. 

Cai'bonate of lime, whether artificially produced or 
formed naturally, uniformly discovers, under analysis, 
66 proportionals of lime, and 45 of carbonic acid gas, in 
the 100 parts. The nitrate of potassa, collected from 
its native bed, or formed in the chemical laboratory, 
yields in both cases 54 parts of nitric acid, and 46 of 
potassa. Muriate of soda in like manner, whether ob- 
tained by evaporation of the waters of the ocean, or rock 
salt, evolves, under analysis, 46 proportionals of muriatic 
acid, and 54 of soda ; and it is the same in artificial 
production. 

When two measures of hydrogene, and one measure of 
oxygene, are exploded by flame or the electric spark, the 
product is water, and the gases disappear ; if we how- 
ever double the amount of oxygene, while that of the 
hjrdrogene remains the same, one iheasure of the 




I be left. It is from hence very evident 
ihat tliere can be no iiiKrniediates, that two cannot 
combine with throe,nor three witli four; that in fact one 
must be a siin|j!e multiple of the rest, or a unit that 
never changesi, while the other rises in a sjiecific raiio. 
We further conclade that these ultimate parU or atoms 
may be represented correctly by numbers. 

Let U9 suppose two bodies, A and B ; the latter 

r^»resenled by 10, and the former by 5 : we conclude 

A combines with one of B, valued at 10, or with 

of B, whose value would then lie 20, or three of B 

, or the reverse may be considered : B, combines 

leof A=6,ortwo of A=10,or three of A=15. 

Itfn the fonner cose we conclude that A remains un- 

{iBfaanged from jirst to last; and in the latter that the 

Mlue of B continues the same. 

Manganese combines with 4 proportionals of oxygene. 

t the ultimate atimi of the fornier be represented by 

■ 400, and the latter by 14 ; then one atom of manganese, 
K whose numerical value is 100, combines with 1 aXom of 
f'dxygene 14, and forms the protoxyde of uiongancsc; I 

6f manganese added lo 2 atoms of osygcue^to 28, 

makes the deutoxide of manganese; 1 of muiganese 

sided to 3 atoms of oxygene =; to 42, the tritoxyde of 

LSaanganese ; and 1 of manganese, added to 4 atoms of 

■ «Jtj^ene = to 56, the pcrosyde of manganese ; and 
! relatively aa one to one, one to two, one lo 

se, and one to four: here the osygene changeS its 
Tical value, while the manganese remains precisely 
KBome. 
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Seeing lliat two volumes of hydiugene uni 
of oxygene in ihe case of water, M, Gay Ltissac, cou- 
Hidering all bodies as originally in an elastic furm, or 
capable of being so, has espoused the doctrine 'of 
volumea, and thuB two volumes of hydrogene, added tti 
one of oxygene, form water. On the other hand, if we 
assume one atom of each, we nmsl suppose that the atom 
of hydrogene is double the size of that of oxygene, and 
we know certainly, that ammoniacal gas may, by the 
electric spark, be expanded into double its former 

If equal volumes of hydrogeue and oxygene be 
weighed over against each oiher, the osygene will be 
found to weigh sixteen times more than the hydrogene ; 
but if the atom of the latter be double that of the former 
in size; in thai case their relative weights will be 



Sir H. Davy, and subsequently Mr. Bmnde, assumed 
hydrogene for his unit, and since it is the lightest of all 
known substances, the election is so far happy. On the 
other hand. Dr. Thomson adopts oxygene as his unit. 
Woilaston values it at 10; and Berzeiius at 100. 
These ate easily made to tally. One-tenth of the 
numbers of Berzeiius makes them correspond with 
those of Woilaston ; and one-tenth of (he latter bring 
the numbers to those of Thomson. It is easy lo illus- 
traie the application of numbers to the theory of definite 
proportions. If water be a compound of one atom of 
oxvgenc, and one atom of hydrogene, and osygeuo be 
estimated as unit ; then, 1 of oxygene added to i-th ot 
•12.5= 1-125, the numerical value of an atom of water; 
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k *ai if muriatic acid gas be a compounil, of a 
1 iiydrogene = -ISO, aiid on au>m of ciiloritic =^ 4, ihen 
•125+4 = 4.123 an atom of muriatic acid gas. 
■ Dr. Wolluawn's scale of equivalents is founded ou 
I these priiiciples ; and it afTords to the analytical chemist 
a facility and despatch in his operations truly marvellous. 
This, however, is only one among the many happy in- 
ventions of that acute and distinguished philosopher, to 
vhom science and the arts are ao deeply indehted. 
Professor Brande considers hydrogene as 1 , or the simple 
unit, aud oxygene as 8. In this case, however, it is 
taken for granted that the volume of the ultimate atom 
of the former is double that of oxygene, since two 
volumes of hydrogene combine with one volume of 
oxygene in the formation of water. According I« Mr. 
Brande, water woidd he thus numerically 



I 



of oxygene = 8, 
would be 9 ; but 

16 times lighter 
would be Ij 4- 

1 its range. 



1 atom of hydrogene = 1 + in 1 a 
Hence the number representing wate 
hydrogene being, volume fur volume 
than oxygene; in the latter case i 
16=17. 

The scale of equivalents is n 
(though as originally constructed by Dr. Wollasion 
limited,) and calculated to return definite replies to 
isnumerahlc questions connected with the results of 
Analysis and recom position, with the relations of neutral 
salts to each other. Suppose that any specific number 
of grains of carbonate of lime are decomposed by mori- 
Mic or auy other acid, the slider being moved, so that 
the given number of grains he opposite carbonate 
of lime, as engraved on the scale, the constituent pro- 
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ponionals of tLe i)«w nmiral salt trill be seen al 
as well 09 ihe amount of diseng^ed carbonic acid gas. 
The relative cjuaTitities of other acids, and of other bases, 
equivaleDU of those composing the new salt, will be also 
seen by inspection. Such is ihe nature of Ihis interest- 
iug arrangement, cnmmonly called the logometric stale 
of equivalents. Mr. Cuff's extension of the scale has 
very much enhanced its value.* Dr. Boswell Reid, 
and Mt. Brande, have also published scales, S;c. ; the 
latter is characterized by much accuracy. It is, however, 
from its great length, unwieldy, and too expensive for 
general practice, though indispensable in the laboratoiy. 
In Mr. Cuff's scale, founded on the original basis of 
that of WoUaston, assnmitig however oxygene as 8, 
agi-eeable to Mr. Brande, the instrument Las been 
extended and arranged so as to uieet all the usual desi- 
derata of the experimental chemist, as well as the pre- 
parations of the pharmacopoein. Suppose by ibis sealtj 
we wished to ascertain how much sulphuric acid would 
be required to dissolve 160 grains of lead, we move the 
slide upwards, so as to bring the number 160 opposite 
lead on the left hand ; 75 will be the number ojiposite to 
Hquid sulphuric acid of the Sp. Gr. 1,86; and the quan- 
tity of sulphate of lead formed is 235, which will he found 
opposite sulphate of lead on the left hajid. Another 
illustration of this scale will suffice. Suppose 100 
grains of sulphate of lime ia to be decomposed by nitrate 
of baryta. Bring the number 100 on the scale, opposite 
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sulphate of lime^ and it will then be found that it is a 
compound of 41 lime and 59 sulphuric acid; it will be 
also indicated by the scale that 195 grains of nitrate of 
baryta^ composed of 115 grains of baryta^ and 80 grains 
of nitric acid^ would decompose it^ and give rise to 174 
grains of sulphate of baryta^ which consist of 1 15 grains 
of baryta, and 59 of sulphuric acid. Hence 195 grains 
of nitrate of baryta are equivalent to 100 grains of sul- 
phate of lime : these are in both instances neutral salts. 
No excess or residue would be found in either case ; the 
decomposition is perfect, and these are equivalents to 
one another.*^ 

It would be waste of praise to eulogise this beautiful 
doctrine, the splendid achievement of modem science. 
It throws over our details the interest of beautiful sim- 
plicity, and it has affixed to it the sign manual of truth. 
It is most happily expressed in the sublimity of the 
sacred Record, which refers to Deity, in the creation of 
material things, — " He weighed the hills in scales, and 
the dust in a balance.^' There is thus proved to be a 
sublime literality in this extraordinary passage, far sur- 
passing the grandeur of orientaliism, — reserved for these 
latter days to illustrate. It is thus true that created 
forms are by weight and measure — and matter, in its 
mtdtifaiious combinations, reveals at length the im- 
pOTtaat truth. 

* Dr. Wilkinson, of Bath, shewed me a neat circular logometric 
scale, of his own construction, for the solution of problems in 
chemical analysis and synthesis, wherein moveable pointals, or in- 
dexes, as in astronomical planispheres, indicated the rdations of 
component coastitaents. 
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III.—DEFINITION OF GASES, WITH THE METHOD OF 

PREPARING THEM. 



Definition of Gases. 

x5y a gas is to be understood that fonn of matter which 
remains permanently elastic, or is aerial at a reduced 
temperature ; we thus adopt a distinction between gas 
and vapour, the latter becoming liquid or solid as soon 
as the temperature is sufficiently decreased. Hence 
steam is an elastic yapour ; but when the temperature 
is lowered by only a few degrees, it is resolved into 
water again; iodine also at 158^ F. becomes a violet- 
coloured vapour, but when cool it condenses into crys- 
tals, which by WoUaston's reflective gonllometer, appear 
to be octohoedra. 

The distinction now assumed, however, must not be 
pressed too closely, since modem discovery has eifected 
the condensation and liquefaction of such gases aa are 
absorbable by water ; and it is not improbable that the 
condensation of others may eventually be accomplished. 
In the carbonates, the carbonic acid gas is locked up in 
a highly-compressed form. In water, oxygene and 
hydrogene, its chemical elemente, are exceedingly con- 
densed ; and in chloride of azote, its gaseous constituents, 
chlorine and azote, are so closely united, that a gallon 
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f Ike combined gasca in this 
K'within the shell oi. a hemp-si 
Ij.expansive force is terrible. 

. I have discovered, that the vapour of s 
&er, and that of sulphuret of carbon, at the 
mperature, may be treated very much hki. c 

I in its character of superior spi,cihL gravity, 
■ «Dd they have become the means of a series of inter- 
' esting experiraenia. 

For the liquefaction of the gases we a. 
Mr. Faraday : cold and compression ai 
employed, though Sir li. Davy stated : 
complished the liquefaction of carbonic Q' 
elastic force of the vapour of sulphuric ether^ heat being; 
applied. * These liquid gases are subjects of considerable 
|_MilCTest. A piece of ice dropped into liquid sulphurous 
makes it boil, from the heal commimicated by the 
The pressure of the vapour of sulphuretted hydro- 






! indebted to 

the agents 

3 having ac- 

cid gas by the 



I not wiUiout oonsidcrahle scepticism on tbia question. 
r Some yeare ago Sir David Brewster shewed me aa experiment in 
conjunction with the singular expansion of the fluids in crys- 
tals, then a recent discnvery of his, which by the approach of a 
hwted wire, completely and instantly filled their respectiTe cavitieE. 
Tfae experiment referred to consisted in introdueing into the fire a 
Itulie, piOiiailg supplied with sulphuric ether, when the liquid ex. 
1, and entirely filled the tube. It wu necessary to screen the 
roman accidental explosion, by sheets of talc, which permilled 
Kllte eiperimeat to be seen, and yet formeil a defence against poasihle 
tlnjury. The peculiar character of the vapour of ether referred to 
I •( my discovery, being eitremdy elastic, yet capable of cnndenea.- 
) a liquid form, would render the liquefaction of tbe car- 
irid gat as a phennmcnnn extremely equivociil in this 
I jarticular inslanee, 
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gene at 60"* Fah., appears to be ^qual to that of 17 
atmospheres. That of carbonic acid gas^ at the tem- 
perature of 32° exerted a force eqnal to 36 atmot^heres, 
and tubes including this liquid gas, bj a slight increase 
in the heat of the weather, exploded with gr^at violence. 
The pressure of liquid nitrous oxyde at 45** F. 6xce(dd« 
that of 50 atmospheres, and it boils readily by the dif- 
ference of temperature between 50° and 0° or zero. No 
doubt some of these may be found extremely serviceable 
as mechanical agents, and finally supersede the use of 
steam. Mr Brunei has secured, we believe, by a pateal, 
this mechanical application of liquid carbonic acid gas. 
Vessels sufficiently powerful to resist its tremeudoos 
power have not, however, yet been found, and are likely 
to interpose a barrier for some time to its practical eiti- 
plo3anent; besides, the liquid gas is found to exude even 
through metallic cylinders.* 

Preparation of the Gases, 

In the following directions for the preparation of the 
gases, we are limited to those obtained over water, and 
not immediately absorbed by that liquid. Those which 

* The preparatioii of these \iqmd gases is so pregnant with dan- 
ger, that their introduction and exhibition in a lecture room is not 
warrawtable under any circwmstance. Whatever risque the operator 
maj personally choose to run in his laboratory, he incurs a fright- 
iiil responsibility in daring to bdng the lives of his auditors into 
jeopardy. It is hoped that the recent melancholy death of Mr. 
Barry will operate as a salutary caution and warning against intro- 
ducing such dangerous and formidable materials. In braving the 
dangers of the laboratory I will yield to none; but I should tremble 
to peril the lives of others. 
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follow do not include all which mav be thus collected, 
but embrace tbe greater part of tbem^ and such as are 
of general interest and importance. Arsenicated hydro- 
gene is a gas requiring such a degree of precaution lest 
it should be accidentally respired^ that it has been deemed 
prudent to overlook its preparation entirely. A conti- 
nental chemist fell a victim to its casual respiration. 

I. HYDROGENE. 

This gas may be obtained from iron-turnings or 
filings, by placing them in a gas-bottle, adding a little 
water, and sulphuric acid ; the gas as it is disengaged 
must be collected over water by means of the pneumatic 
trough. Granulated zinc is much preferable to iron turn- 
ings; the gas being purer and less odorous. Hydrogene 
may be also obtained by passing steam through an 
ignited iron tube, or a porcelain one containing iron- 
turnings ; and collecting the gas in the usual manner. 

II. CARBONIC ACID GAS. 

Carbonic acid gas is easily procured by adding diluted 
muriatic acid to powdered marble in a gas-bottle^ and 
collecting the gas over water. Limestone, chalk, and 
other substances effervescing on contact of an acid, yield 
the same gas, and any acid* may be used instead of the 
muriatic ; but nitric acid is too expensive, and sulphuric , 
acid producing an insoluble sulphate of lime, the salt 
is washed out with difficulty. 

* This must be accepted in a restricted sense ; hydrocyanic acid, 
for instance, will not displace carbonic acid gas. 
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III. OXT6ENE. 

Oxygene may be obtained by exposing peroxyde of 
manganese to intense heat in an iron retort; a long 
flexible tube conducts the gas to the receiver^ resting on 
the shelf of the pneumatic trough; the first portions 
that come over being impure, must be rejected. The gas 
may in this way be obtained from nitre, and is purer and 
more abundant, it also evolves in great purity by expo- 
sing peroxyde of mercury to intense heat in an earthen- 
ware retort. If peroxyde of manganese be mixed with 
sulphuric acid in a glass retort, the heat of an Argand's 
lamp will be sufficient to occasion its evolution. The 
neatest as well as the purest and most prompt method 
of obtaining pure oxygene, is to expose in a small glass 
retort a quantity of oxymuriate or chlorate of potassa, 
say about half an ounce. This requires the heat of a 
spirit-lamp, and though a little more expensive than the 
preceding methods, it is every way preferable. The 
salt will soon melt, and the gas be disengaged. 

lY. CHLORINE. 

To about half an ounce of peroxyde of manganese, 
contained in a retort of a few ounces' capacity, add 2 or 
3 ounces of muriatic acid ; mix the ingredients ; apply 
a gentle heat and receive the gas over water ; reject the 
first portions, and take care not to inhale the chlorine^ 
as it is very powerful and irritating.* This is the best 



* A little alcohol on sugar is said to relieve the oppressive efibcts 
produced by accidentally breathing chlorine. 
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process, though it may also be obtained by mixing 
common salt with peroxyde of manganese, and adding 
sulphuric acid to these ingredients contained in a retort. 
The sooner it is used the better. 

V. NITROGENE. 

This gas is procured by adding nitric acid to animal 
muscle contained in a retort; apply heat, and receive 
the nitrogene or azote over water. 

Nitrogene may also be separated from atmospheric 
airj of which it constitutes 79 per cent, by burning 
phosphorus in a confined quastity of atmospheric air 
over water, which will combine in the act of combustion, 
with the oxygene of the atmosphere, and form phos- 
phoric acid, which being agitated in contact with the 
water, will be entirely absorbed, leaving the nitrogene. 
Nitrous gas also passed up into atmospheric air, confin- 
ed over water will combine with its oxygene, form 
nitrous acid absorbable by water, and thus insulate the 



nitrogene. 



VT. NITROUS GAS, OR NITRIC OXYDE. 

Add nitric acid to either copper or tin filings, or mer- 
cury, in a retort. If the acid be undiluted, it will require 
no heat for its production ; but if diluted with water, a 
gentle heat will be found necessary; nitrous gas is re- 
ceived over water in the usual way. 

TII. NITROUS OXYDE. 

Introduce into a retort a portion of the salt called 
nitrate of ammonia, and apply the "heaX oi ^, ^y^t\\.\kck^ 
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somewhat cautiously; the salt will melt, and the liquid 
will soon afterwards give off the gas. If the heat be 
considerable^ the nitrous oxyde will be disengaged with 
great rapidity, evolving under the form of smoke ; but 
when the gas comes over more slowly and tranquilly, it 
is found purer than in the other case. Collect over 
water.* 

VIII. HYDRO-CARBONIC OXYDE. 

This gas was discovered by Dr. Thomson ; and may 
be collected over water, being obtained by adding sul- 
phuric acid to powdered prussiate of potassa in a retort. 
The heat of the spirit-lamp will soon effect its disen- 
gagement. 

IX. CARBONIC OXYDE. 

This gas is evolved from a mixtiure of dry carbonate 
of baryta and iron filings, or from oxyde of zinc and 
calcined charcoal, by applying a strong heat to the tube 
containing the ingredients. The gas must be washed 
with lime water to absorb the carbonic acid gas mixed 
with it. 

Carbonic oxyde may be also obtained by mixing 
oxalic acid with sulphuric acid contained in a retort: the 
last method is the most certain and simple. 

•N- Before the nitrate of ammonia is put into the retort, it will be 
advisable to reduce it to powder, and expose it in a shallow dish 
before the fire. This will deprive it of water of crystallization, and 
j^revent the water rushing up into the retort, from the sudden con- 
densation of disengaged vapour. 
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X. QLIFIANT GAS. 

Mix together cautiously ill a retort^ of the capacity 
of 8 ounces, one ounce of alcohol, and four ounces of 
sulphuric acid hy measure, adding the acid gradually, 
holding the retort inclined, with the hall ynder, 
and at each addition shaking the retort to mix the 
liquids: the mixed liquid will thus hecome brown, and 
a cautiously applied heat will after some time cause it 
to give off the olifiant gas. These proportionals, which 
we have always found to be the best, must be accurately 
observed, and great attention paid to the management 
of the temperature. 

XI. SULPHURETTED HYDROGENE. 

Mix a little proto^ulphuret of iron into a small retort, 
with muriatic acid : the gentlest he^t, as that of a wax 
taper, will be sufficient to disengage the gas; as it is 
very noxious, and possesses a fcdtid smell, none of the 
sulphuretted hydrogene must be suffered to escape. 

XII. PHOSPHURETTED HYDROGENE. 

To a solution of caustic potassa contained in a small 
retort, add a quantity of phosphorus cut into fragments 
about the size of a small pea ; apply a gentle, steady 
heat, and do not plunge the beak of the retort**^ into the 
water-troi^ till a slight explosion shall have expelled 

• I have found it convenient to use a small and very shallow 
evapoi-ating basin supplied with water; if the beak of the retort 
be immersed in the water in the basin, the water will on any 
sudden condensation rush a small way up the stem, but be insuffi- 
cient to reach the contents of the retort. 
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the included air. It mAy be collected in small phiah 
over water. 

This gas may be also obtained by adding muriatic 
acid to chips of phosphuret of lime in a similar manner. 



Note. — It will always be found prudent, as a general rule, to re" 
move the retort before the lamp is withdrawn ; for if the gas be 
nearly expelled, the sudden reduction of temperature might vauap 
the cold water to rush up into the retort, and effect its destruction. 
In removing the glass jars from over the shelf of the pneumatic 
trough, care must be taken not to bring them over the retort, for a 
drop of cold water falling on the intensely heated bail, especially in 
the obtainment of oxygene, would ceitainly occasion its immediate 
fracture. A bit of wet cloth or paper will be found useful in pre- 
venting the retort from slipping from its position : the beak or stem 
of the retort will securely rest upon it, interposed between the glass 
and the lip of the trough. Retorts should be set apart for specific 
gases, and not used indiscriminately: the gas bottle should be 
entirely confined to the process of obtaining hydrogene and carbonic 
acid gas. The deflagrating spoon, used with sulphur in a previous 
experiment, should not be employed for phosphoras, until the former 
has been entirely consumed, as an explosion might occur by their 
combination. The retort used for oxygene, from chlorate of potassa, 
must be made not exceeding 1 to 2 ounces capacity. The operator 
should observe that the ebullition in the gas bottle be regular and 
continued, and the gas evolved steadily, which is easily done by 
plunging the beak of the curved tube in water. It is proper to cau- 
tion against igniting hydrogene from a tube inserted into a cork in a 
bottle. Such experiments are always hazardous from an almost un- 
avoidable mixture of atmospheric air. Deflagrating jars should 
always have wide mouths, and be lipped: being open below, a small 
depth of water, will be found extremely serviceable in extinguishing 
the product of combustion. When, phosphorus in combustion is intro- 
duced into oxygene, nitrous gas and nitrous oxyde, no attempt should 
be made at the close of the experiment, to withdraw the deflagrating 
spoon with phosphorus still burning, the light being too dazzling to 
do so without incurring the risque of contact with the lip of the jar 
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as well as a portion of it being ejected on the glass. If the spoon 
however be plunged into the water below, it is extinguished, and all 
such danger obviated. Should a fragment of burning phosphorus 
fall on the surface of the glass, it will certainly occasion its fracture, 
unless immediately extinguished. A drop of water only accelerates 
the accident, but a little dty sand or magnesia added, would extin- 
guish the combustion, and save the vessel from fracture. All chemi- 
cal glass apparatus should be well annealed to resist sudden changes 
of temperature, and the cylinders should be stout, ground flat on 
edge, and have plates of glass ground so as to be air-tight. When a 
watch spring is deflagrated in oxygene, it will be prudent to have a 
stratum of an inch of water in the dish, as the melted scoriae which 
fall frequently penetrate the shallow porcelain tray used to transfer 
the gas from the pneumatic trough. 
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OBJECTS OF CHExMICAL SCIENCE. 



JjY means of chemistry we discover the nature and 
properties of bodies, and the proportions of their con- 
stituents; we estimate the amount and force of the 
powers which unite them, and of the several compounds 
formed under different modifications of these constituents. 
The agencies which produce these changes, and to which 
they are subordinated, form also an essential and proper 
branch of this science. 



Indestructibility of Matter. 

I. Pour a solution of caustic potassa into a vessel of 
carbonic acid gas, and cover it immediately with a wet 
bladder, then shake it, and the bladder will become hol- 
low. Add a little muriatic acid, and the carbonic acid 
will re-fill the vessel. 

Rationale. The bladder becomes hollow' firom the 
absorption of the carbonic acid gas by the caustic 
potassa, and the muriatic acid displaces the gas 
from its combination, while this displacement is 
rendered sensible by the effervescence. It is ob- 
vious the same changes may be repeated with the 
carbonic acid gas, ad infinitum. 
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CHEMICAL ATTRACTION AND ITS RESULTS. 



Chemical tdtrdetion takes place between bodies that 
are altogether unlike each other, or have no common 
character. Thus alkalis are acted on by acids; sul- 
phuric acid combines mih iron, nitric acid with mercury, 
and so on. 

The results of such chemical action and attraction, 
introduce to us an entirely new st^stance, having bo 
feature in common with the constituents, or parts which 
compose it. Thus the action of dilute sulphuric acid 
on iron gives rise to a mass of green translucent crys- 
tals ; that of nitric acid on mercury produces a group 
of transparent needle- form crystals, et costera ; corrosive 
bodies, by combining chemically, may produce wUd 
salts, of which common salt affords an example; colourless 
bodies may thus become coloured, and coloured bodies 
colourless ; mild and inert substances may become cor- 
rosive and pungent; solids may become fluids; and even 
gases, as in the case of muriate of ammonia, become 
concrete and solid. 



^ 



Changes produced by Chemical Agency, 

I. To a solution of sulphate of iron add a little tine- ^ 
lure of galls — ink will be fonned. 

Rationale, The 'blackness arises ftom the combina- 
tion of the gallic acid with the iron — the former 
being found in tincture of galls^ and the gallate of 
iron is black. 

II. To the black mixture formed in the last experi- 
ment add a little muriatic acid^ and the colour will be 
discharged. 

Ration. The acid added, deeomposes the ink, and 
separates the gallic acjd. 

III. To a solution of sulphate of iron add solution 
of hvdro-cyanate of potassa, and a prussian blue colour ^ 
results. 

Ration. The hydro-cyanic acid combines with the 
iron, and forms hydro-cyanate of iron, or prussian 
blue. 

IV. To a solution of sulphate of iron add a solution f 
of chromate of potassa, and a broum colour will be 
formed. 

Ration. The chromic acid in this case forms the 
chromate of iron, which is dark brown. 

V. To a solution of sulphate of copper add ammonia, 
and a beautiful violet tint will be produced. 

Ration. There is here formed an ammonia-sulphate 
of copper, which is of a violet tint. 

VI. To a solution of the violet-coloured liquid add a 

little nitric acid, and the violet lint di^wp^^^x^. 

c 4 
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Ration, The nitric acid separates the aiqmonia^ and 
combines with it. 

VII. To a solution of sulphate of copper add prussiate 
of potassa^ and it becomes broum. 

Ration. The prussiate of copper is formed in this 
instance. 

VIII. To a solution of sulphate of copper add a solu- 
tion of arseniate of potassa, and it becomes green. 

Ration. The arseniate of copper is produced in this 
experiment, (Scheele's mineral green.)* 

IX. To a small portion of protomuriate of mercury 
(calomel) add a few drops of ammonia — it becomes 
black. 

Ration. This black powder is the protoxyde of mer> 
cury, the ammonia combining with the muriatic 
acid. 

X. To a solution of permuriate of mercury (corrosive 
sublimate) add lime-water or caustic potassa^ and an 
orange red precipitate will be formed ; the change pro- 
duced with the lime-water is much darker than with the 
potassa. 

Ration. The lime-water, or the caustic potassa, com- 
bining with the muriatic acid, the red peroxyde of 
mercury is evolved. 

XI. To the preceding formation add a little nitric 
acid, and the whole will be re-dissolved and become 
colourless. 

* This product is almost solid. 
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^ Ration. ' The nitric acid dissolves the precipitated*' 
peroxyde 

XII. To a solution of peracetate of lead (sugar of 
lead) add chromate of potassa^ and a brilliant yellow is 
produced. 

Ration, The chromate of lead thus formed is yellow, 
and is commonly known under the name of chrome 
yellow. 

XIII. To a solution of nitrate of silver add chromate 
of potassa, and a crimson precipitate is formed. 

Ration. The chromate of silver is produced, and is of 
a crimson tint. 

XIV. To a solution of nitrate of mercury add solution 
of chromate of potassa, and a vermilion tint will be formed. 

Ration. The chromate of mercury herein formed is 
of a scarlet colour. 

« 

Note. — ^With salts of copper, chromate of potassa forms green, 
cbromates; and with those of tio, purpk cbromates. 

XV. To a solution of peracetate of lead add a solution 
of hydriodate of potassa — yellow is formed. 

Ration. The hydriodate of lead thus produced is a 
fine light yellow. 

XVI. To a solution of permnriate of mercury add 
solution of hydriodate of potassa, and a brilliant scarlet 

ensues. 

> Ration. The hydriodate of mercury here produced is 
a brilliant red. 

c5 
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m Noie. — This colour is, perb^>8, amopg the moet beautifol ever 
obtained by art. It was at my suggestion, many years ago, em- 
ployed in a painting, but unfortunately was not permanent. 



Intense Chemical Action, 

I. Pour a little nitric acid on granulate tin — a fierce 
action ensues from the affinity existing between them, 
and nitrate of tin is the result. 

II. A little nitric acid on copper filings will exhibit 
an equally intense action^ and forms nitrate of copper. 

VTote. — tlk^ r«d Tftpoar which escapes is owing to the decomposi- 
tion of a part c^f the nitric acid, the one portion of the decomposed 
quantity, namely, oxygene, going to the tin, or copper, to oxydize 
it, while the other, nitrous gas, eyolving, combines witii the oxygene 
of atmospheric air, and produces red \wftmsK of nitromt acid pas, 

III. To iron turMn, or granulated zinc, add a little 
water and sulphuric acuK-a considerable action ensues, 
with the escape of an inflammahle gas. 

Ration. By the united action of the iron or zinc, and 
acid, the water is decomposed, the oxygene of the 
water unites to the iron or zinc, and the acid then 
dissolves them, forming sulphate of iron in the one 
case, and sulphate of zinc in the other. 

Note.-^li may be observed that acids do not combine with 
metals, unless the latter are in *the state of oxydes. The oxygene 
may be, as in this case, obtained from the decomposition of the 
water, or from that of the acid, as exemplified in the action of nitric T 
acid on mercury in the production of nitrous gas. 



IV. Into dilute sulphuric acid throw apmlion of solA 
carbonate of ammonia — the carbonate of ammonia will 
move up and down for some lime> giving off a train 
of numerous minute air bubbles, and will finally be com- 
pletely dissolved. 

Ration. The sulphuric acid attacking the carbonate 
of ammonia decomposes it, and while the carbonic 
acid gas is 4isengaged with effervescence, the sul- 
phate of ammonia is formed. 

V. To carbonate of soda, dissolved in water, add mu- 
riatic acid, a considerable effervescence is produced. 

' Ration. By the action of the muriatic acid, the muriate 
of soda, or comvion salt is formed, while the car- 
bonic acid gas is disengaged. 

VI. Drop sulphuric acid on strong ammonia, the ac- 
tion is exceedingly fierce, and the liquid is dispersed in 
vapour. 4- 

Ration. The affinities here are very energetic, produc- 
ing a degree of temperature above the ebullition of 
water* Sulphate of anu^onia is formed. 

Aot«.*— The fiction here is so fierce, that considerable caution is 
necessary in making the experiment. 

VII. Powder some nitrate of copper, and place it on 
tin-foil, then spriidde it with water and fold it up rapidly 
and tightly — much smoke will be evolved with occa- 
sional sparks. 



y Ratio*. The snperioT atSaity which the ntlric »ai- 

liiiB for the tin, cunipareil with that which it has for 
the copper, its first combination, is so mach more 
intense that this spontaneons cniuhustioa is the 
result. 

VIII. Mix a little chlorate of polassa with alcohol 
ether in a small evaporating dish ; pour a little sul] 
lie acid over it, and it will burst into flan; 

IX. Powder sugar-candy and a little chlorate 
potassa separatdy, then mix them intimately on a por* 
celwn tile, add a few drops of sulphuric acid, and the 
whole will burst into a brilliant coinbustion. 

Ration. In experiments No. VIII. and IX. a peculiar 
elastic gas, of an orange lint, called deutoxyde 
chlorine, is formed, which ignites these infli 
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Simple Affinity. 

By timple affinity is to be understood the decom 
lion of a compound, by the addition of some subsM 
capable of delaching, by superior power, one of its con- 
Btituenla, thus forming a new combination ; the consti- 
tuent separated, will be, commonly speaking, simple; 
and will sometimes be precipitated or thrown down ; at 
other times held suspended, if soluble, while the new 
comjiound will be precipitated. 

.Analysis implies the separatiois of a com\muTid into 
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its simple or constituent parts. Synthesis, the repro- ^ 
duction of the compound, by conjoining the constituents. 



I. To a solution of sulphate of iron add a portion of * 
solution of caustic potassa, a reddish brown precipitate 

* will be formed. 

Ration. The caustic potassa has a superior affinity 
for the sulphuric acid than for the iron^ in con- 
sequence of which the sulphate of potassa is fonned, 
and held in solution, while peroxyde of iron is 
tUrown down. 

II. To solution of camphor in alcohol add water, the 
camphor ascends and floats in a solid form. 

Ration. The water having a superior affinity for the 
alcohol, than the alcohol has for the camphor, com- 
bines with it, and frees the camphor from its com- 
bination with the alcohol. The solution of camphor 
in alcohol is not, strictly speaking, chemical, but it 
affords a simple illustration. 

III. To solution of sulphate of magnesia add solution 
of caustic potassa, white flocculi are precipitated. 

Ration. Sulphate of potassa remains suspended in 
solution, and flocks of caustic magnesia fall down 
being insoluble. 



Compound Affinity. 

This kind of affinity is called complex or compound^ 
because in order to effiect the decomi^o?>\\AO\i ot ^^«s».* 
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tion of the constituents^ the substance added^ for this 
purpose^ must be compound^ and the resulting new pro- 
ducts will be severally compound. 



I. To a solution of sulphate of alumina (alum) add 
peracetate of lead, (sugar of lead) in solution* Here an 
abundant white precipitate is formed. 
Ration. A little acetic acid added to solution of alum 
produces no change ; but in ccmibimation with lead 
the decomposition is effected. The sulphuric acid 
leaves the alumina, and forms, with the lead, sul- 
phate of lead, which is thrown down as an insoluble 
precipitiBLte ; while the acetic acid, disengaged from 
the lead, combines with the alumina, and is held in 
solution above, and thus sulphate of lead (insoluble) 
and acetate of alumina (soluble) are fiHined. 



Repuhion. 

I. Place a piece of money in a vessel of water, and 
scatter lycopodium* over the water. The money may 
be withdrawn without the hand being wet. 

Note. — ^Repulsion is generally coimected with the intervention of 
some foreign or extraneous body, but is less equivocaliy displayed 
in the phenomena of magnetism and electricity. 

* The dust or seed of the lycopodmm clavatum, or club moss. It 
is exceedingly inflammable, and is used extensively in Chinese fire- 
works. It is also employed to mimic lightning in theatres; and 
used in Germany by apothecaries for piUs, instead of liquorice pow- 
der or magnesia. 
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II. Olive oil floaU on water^ or sinks in alcohol, 
without admixture in either case. There is no chemical 
aflSnity, and they consequently separate, agreeably to 
their rei^ctive specific gravities. 



CALORIC. 
Free or Uncombmed, 



The agent producing heat is termed caloric, to distin- 
guish it from the sensation produced. In its free or 
uncombined form, it expands or dilates bodies; hence, 
by the absorption of heat, solids become liquids, and 
liquids again become vapours. Caloric tends to diffuse 
itself equally around, radiating into free space, and ex- 
tending to all objects. The phenomena of the ther- 
mometer depend on the equable and uniform expansion 
of the included mercury, as affected or acted on by un- 
combined or free caloric. 



I. Invert a ball, with a long stem containing water, 
coloured with sulphate of indigo, and pour into the 
stem a little sulphuric ether> then plunge die orifice of 
the stem, thus inverted, into water: the ether will ascend 
and occupy the superior part of the ball. Pour over it, 
boiling water, and the ether, expanding into an elastic 
form by the heat, will expel the coloured water. If, 
after this, cold water be poured over it, the column will 
re-ascend. 
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\ Ration, This experiment proves the expansion of 

bodies by heat. 

1 

II. Take a cylinder of brass> previously fitted to a 
gauge both in diameter and length > heat the cylinder, 
and it will no longer enter the gauge either way.* 

Ration. This clearly proves that metals expand 
equally every way, and the cause of this uniform 
expansion is thus referrible to heat. Hence a 
metallic rod, on being heated, will not pass through 
a ring, which it accurately fitted when cold. 



Conduction of Metals, 

I. Take the cylinder used in the preceding experi- 
ment, and wrap a slip of writing paper round it ; intro- 
duce it into the flame of a spirit-lamp, and the paper will 
not be consumed. Substitute this metallic cylinder by 
one of wood, and the paper will then be chan-ed. 

Ration. The metallic cylinder conducts away the heat, 
and prevents the impression of fiame, while the 
wood, being without this property, the paper is 
necessarily charred. Thus, too, may a leaden bullet 
be melted, being closely wrapped up in paper, and 
held in flame. Sand, charcoal, and glass are ex- 
amples of non-conductors of heat. 

II. If the ends of bars of diflerent metals be coated 
with bees' wax, and the other extremities be plunged 

* See the FigviYe. 
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into heated sand^ it will be found that the different por- 
tions of wax will be melted in difiereiit periods. By this 
experiment it will be proved, that silver and copper are 
superior conductors to platinum and iron. 

Ration. The caloric being transmitted more easily 
and promptly by copper and silver than by platinim^ 
or iron, will sooner melt the wax, and a greater 
portion of it will be found dissolved in a specific 
period. 

in. Take iron, copper, and silver rods, pass them 
through an arch of wood, so that at the superior end they 
may diverge (fan-like), the other ends being brought 
together to a point. If the fmther ends are supplied 
with a small fragment of amadou,* moistened with phos- 
phorus dissolved in sulphuret of carbon, while the lower 
united points are introduced into the flame of a spirit- 
lamp, it will be seen that the pieces of amadou will 
inflame in order, according to the conducting power of 
the metals to which they are affixed : as silver, copper, 
iron. 

I have found this a more elegant and striking method 
of illustrating the principle than the former.f 



Conduction of Water. 

I. Take the temperature of water contained in a glass 
basin, pour over it a portion of sulphuric ether, and then 

* Boletus ignarius, or GermaD tinder. 
f See the Figure. 
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inflame it; — though a considerable flame will be pro- 
duced^ yet, on its extinction, no additienal temperature 
will be discovered in the water. 

Ration. It is quite clear that in this experimeiit the 
water did not conduct the heat downwards by its- 
^ surface, though metals conduct heat in every direc- 
tion. Boiling water may remain incumbent on 
cold water, and water be boiled in contact with ice> 
the latter remaining solid. 



Latent Caloric, 



Latent caloric is a peculiar state of heat wherein it may 
be considered as in chemical combination with a sub- 
stance, but incapable of affecting the thermometer. Thns 
«]ow may indicate a temperature of 32*' F»; but, after 
being exposed to the Are until it is entirely liquefied, the 
water will still exhibit the same temperature. When 
there is an increase of density by mixture or combina- 
tion, heat is evolved; but when there is an increase of 
mass or volume, or a decreased density, the temperature 
is lowered. 



I. Mix equal parts of water and sulphuric acid toge- 
ther, cautiously: a very considerable heat is produced> 
and on re-measuring the liquid it will be found that it 
has decreased in volume. 

Ration, When bodies become more dense or more solid^ 
heat is produced: the temperature thus sensibly 
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evolved; must have been latent in the liquids^ their 
mixture diseng«ging the heat. 

Note. — There is a long tube, terminating in a double ball at the 
top with a stopper, employed for this illustration.* Sulphuric acid is 
poured in so as to fill the tube and lower ball: the upper ball is agaio^ 
filled up with water, and the stopper replaced: on inverting the 
apparatus the decrease of volume is seen^ 

II. Condense air smartly on a bit of amadou, by 
means of a small syringe, and it will inflame it. 

Ration. Here the heat is liberated from the air bv 
being compressed into a smaller space, and becomes 
thereby more dense. 

III. Mix common salt^ or nitrate of potassa, &c. in 
water, and the thermometer will sink considerably. 

RcUion, Here the melting or solution of the salt in 
water lessens or attenuates its density or solidity — 
and cold is the result. When snow or ice melts, 
cold is felt in the transition from solidity to a liquid 
form. Therefore, cold, or the absence of heat, is 
the result of a change of state from a solid to a liquid 
form, or that of vapour. 

IV. Mix fresh fallen snow and muriatic acid together, 
and plunge a Florence fla6ik> containing water, into the 
mixture : the water will soon be converted into ice. Dr. 
Wollaston's cryophorus, which shows the curious phe- 
nomenon of freezing at a distance, will exhibit the same 
result.;}: 

* Ste Figure. \ Sec "^A^tt. 
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Ration. Here is still an attenuated density, and the 
result is cold. In like manner, the solution of va- 
rious salts in water, as nitrate of potassa, sulphate 
of soda, muriate of ammonia, &c. (as in Experi- 
ment III.) produce freezing mixtures sufficient 
* even to congeal mercury. 

V. Equal parts of water and of nitrate of ammonia 
will reduce the temperature from 50° to 4° P. 

VI. Ice, say at 32°, and water at 172°, will cool the 
mixture down to 32° ; hence 140° of temperature are 
lost, and have hecome latent. 

VII. If water be boiled in a retort, and the beak be 
immersed in a tumbler of cold water, the disengaged 
steam will raise the water to the boiling temperature; 
and the water will thus be seen to boil at a distance 
from the source of heat. This method of heating by 
means of steam is extensively employed in manufac- 
tories. 

VIII. If cold water be thrown on a lump of quicklime 
from the kiln, the heat produced in slacking will be suf- 
ficient to set phosphorus on fire, or, at any rate, its solu- 
tion in sulphuret of carbon. 

N^ote. — These experiments all show the absorption and evolution 
of heat as connected with change oftfolume. 



Evaporation, a Source of Cold. 

I. Wrap a little lint, or tow, round the ball of a ther- 
mometer, and dip it in ether; the liquid will sink con- 
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J^iderably in the stem, an effect which will be accelerated 
^ by a cold current of air. 

Ration, The sulphuric ether robs the ball of its 
caloric, and is volatilised in consequence of this 
abstraction of heat, the current of air accelerating 
the effect. 

IL If the ball of a thermometer similarly supplied 
with tow, be moistened with sulphuret of carbon, and 
placed in the receiver of an air-pump, a spirit-of-wine 
thermometer will be soon reduced to 72° below 0°, or 
104° below freezing. 

When Mr. Towson's little instrument represented in 
the plate, diverges by heat, sulphuric ether applied, 
causes the wires to collapse instantaneously. 



Radiation of Caloric. ^ 

I. In the focus of a concave reflector of tin or copper, 
put a red-hot ball, or other heated body, then place ano- 
ther reflector opposite, the distance between them being 
several feet If a thermometer be placed in the focus of 
the reflector opposite to that with the heated body, it 
will show an elevation of temperature. Leslie's diflfer- 
ential thermometer is, from its sensibility, best adapted 
to this experiment. 

Ration. The radii of heat emanating from the ball 
impinging on the reflector immediately behind, 
are reflected to the one opposite, and from thence 
converge on the instrument. 
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II. If a slip of paper be dipped into solution of phos- 
phorus in sulphuret of carbon,'*^ and placed in the situa- 
tion of the thermometer in the last experiment, it will 
inflame in a few seconds. 



Light. 

Opinion has been much divided on the nature of light. 
Some have considered it as composed of material parts, 
or particles, while others view the phenomena of light 
as the effect of imdulatory motion. When light is 
evolved in the case of phosphorescence excited by heat, as 
in cklarophane. Cantons phosphorus^ &c., I decidedly 
consider it to be the effect of thermo-electric agency. 

Note. — ^This view of phosphorescence has since the publication of 
the second edition in 1830, where it was first propounded, been expe- 
rimentally verified. 



I. Flint and steel, or steel and an alloy of iron and 
antimony, on being struck together, emit sparks that 
ate luminous. 

Ration, Hence collision poduces light. Quart? 
peebles also emit light when struck, and pieces o) 
rattan cane, by similar collision, exhibit sparks. 

II. If a bit of sugar be simply broken between f 

"fingers in the dark, light is produced at the momen 
fracture. 

^ This solution I have proved to be very valuable in detec 
minute quantities. of evolved caloric, having found it to inflan 
a temperature not exceeding 80° F. 



V 
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III. If powdered fl%oT spar be slarewed on a heated 
plate, it will be luminous in the dark; and the- same 
phenomenon will ensue on throwing it on a surface of 
heated oil. 

Ration, Hence temperature has the power of evolving 
light from certiun bodies. 

IV. Canton's phosphorus^ when thrown on a heated 
metallic plSate, yields light. Even some liquids when 
heated become luminous. 

Note. — I have found that Canton's phosphorus becomes beau- 
tifully phosphorescent in contact with a surface of mercury when 
introduced into the electric circle of the Galvanic Batteiy. 



Flame, 



1 am inclined to consider flame as the tranquil exhi- 
l^j^tion of ignited vapour entering into new chemical- 
arrangements ; the continuity of flame being supported 
by successive supplies of inflammable matter flowing 
from its source. 



I. Four some alcohol into a watch-glass^ inflame it, 
and stretch a thtead of platinum wire across^ it will 
appear ignited only at the exterior surface of the flame. 

Ration, Flame is hollow, and consists of a mere 
superficial film^ hence the platinum wire is not 
ignited in the central part, where no flame exts(s. 
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II. Place a straw across this flame, and it will be only 
ignited and charred; as in the preceding example, at the 
outer edge. 

III. Introduce gunpowder (in a small platinum 
spoon) through the flame into the interior, and it will 
remain there for a few seconds unconsumed. 

Ration. It is thus evident that there is no ignited 
matter in the centre of the flame. 

IV. Introduce a chip of camphor under similar cir- 
cumstances, and it will not burn. 

Ration. There can therefore be no oxygene in the in- 
terior to support flame. In this experiment the 
camphor vaporizes and imparts to the flame a 
greater illuminating power. 

V. Introduce a chip of phosphorus into this flame, it ^ 
will not bum, and i/* inflamed previous to introductio^|^^ 
it will be immediately extinguished. 

Note.-^A platinum spoon must not be used in this experiment 
as phosphorus corrodes it. 

VI. A glass tube introduced into the centre of this 
<ione of flame, becomes the medium of the escape of in- 
flammable vapour, which may be ignited at the upper 
orifice. 

Ration, The foregoing experiment proves that the 
interior of flame is charged with inflammable vapour. 
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Intensity of Flame, 

* I . Pour a little sulphuret of carbon into a watch-glass, 
and kindle it^ a brush of steel wire will bum beautifully, 
on its introduction into this flame. 

Ration. This proves the flame to be exceedingly in- 
tense. I have burnt even a watch-spring in it. 



Coloured Flames. 

I. Kindle alcohol holding in solution nitrate of cop- 
per> in a watch-glass* It will bum with a green flame. 

II. Alcohol, holding common salt in solution, when 
kindled, yields a yellow flame. 

III. Alcohol, with nitrate of strontia in solution, bums 
with a red flame. 

IV. Alcohol, with muriate of baryta in solution, yields 
a yellow flame. 

V. Alcohol, with boracic acid gives a yreefi flame. 

VI. If a portion of alcohol and chlorine, or muriatic 
or nitric acid with alcohol be ignited in an iron ladle, 
over the flame of a spirit-lamp, it gives a bluish green 
flame, striped; forming a beautiful phenomenon. 

Ration, The colour imparted to flame seems generally 
dependant on the nature of the base of the substance 
mixed with the alcohol. 
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Cambuziion. 

Combustion may be defined as a phenomenon alto* 
getfaer independent of the distinction of supporters of 
iiombastion and inflammables ; but is connected with 
change of volume or mass ; its amount will be in some 
ratio of the rapidity or energy of the chemical changes 
superinduced : the hmt and light, which are ^ accom- 
paniments of combustion^ seem to be mere manifestations 
of this intense chemical action. 



I . If an ignited taper be plunged into a jar of oxygene, 

it will bum with great intensity and beauty. 

Ration, Oxygene is an eminent supporter oi combus- 
tion^ and combines energetically with the consti- 
tuents of the burning material. 

II. Place a chip of phosphorus in an iron deflagratiqg 
spoon ; kindle^ and introduce it into oxygene — the 
light is most intensely vivid, and scarcely supportable 
by the eye. 

Ration, Phosphorus is a substance exceedingly in- 
flammable, and combines with oxygene, at exalted 
temperatures, with extraordinary energy. 

III. Throw powdered antimpny into a long tube filled 
with chlorine, and it will fall like a shower of burning 
stars of a yellow light. 

Ration. This experiment proves that previous igni- 
tion is not a necessary auxiliary to combustion. 



IV, Put a. small ])onion of iodine into ■ Florence 

6ask with a chip ol' potassium, and heat the flask cau- 
itioualy — the iodinu will rise iu vapour, and the potas^ 
iSium will seem to bum witii a violet flame, from the 
.medium through which it is seen. The flask iu this cx- 
.jierimeiit is generall/ fractured. 

.< Ralioit, This experiment proves that combustion can 
k be maintained in other medii* than those of oxygene 
and chlorine. 

V. Throw a chip of potassium on I'tc, and it will 
burst into flame. 

Ralion. Here combustion is the couser|Ueuce of ihn 
abstraction ofoxygene by the metal and combinatiou 

Kote. — Id oiiii experiment, I piesscd tbcpolaMium on a, disi: of 
ice ttitb a pepknift^, wben ifae blade became ignited tbroDghaut it; 

' VI. Put a small portion of phosphorus into a deep 
s with as much cold water as will cover it. then fill 
Tit up with hot water, and the ph ph n 11 be seen to 
I -Buelt. Press, from a bladder h ugh a sinill metallic 
K 'pipe, a stream of oxygene ou the [ 1 oapho u * and a 
F brilliant combustion will ensu under a 



Ration. In this case 
tact vrith phosphi 



the 



: oxyg n b u h into co 
, at an elevated temperatui 



i^kperimcnt witb pbospboru: 
must be luI niidrr watfr, i 
Itftiial of water, tmtained in rt /hi mii 
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and the conditions of combustion are provided in^ 
dependent of the surrounding medium. 

VII. Throw into water, contained in a cylindrical 
glass of small diameter, a portion of chlorate of potassa, 
and add a small quantity of phosphorus, cut into chips 
about the size of a hemp seed, then, by means of a long 
funnel passing through the water, poiAr in a little sul- 
phuric acid, and a beautiful combustion under vxUer will 
eusue. 

Ration. In this experiment the sulphuric acid decom- 
poses the chlorate of potassa, and the supporter is 
brought into contact with the phosphorus ; the acid 
and water mixing, produce increased heat which 
melts the phosphorus. 

Vote. — Deutoxyde of chlorine is the efficient supporter in thi» 
instance. 

VIII. Into a Florence flask put some sublimed sul- 
phur, and with it Dutch foil (copper leaf), then heat 
the flask — the sulphur and copper will combine with 
cuergy, and evolve flame. 

Ration. Here the phenomena of combustion are- idi»- 
played independent of a supporter, resulting entizely 
from the combination, 

IX. Into a Florence flask, containihg a little sulphur, 
introduce a ..chip of potassium, and heat the flask by a 
spirit-lamp ; the combination will be attended with com- 
bustion, accompanied by flame. 

Ration. Here, as in the preceding experiment, com- 
bustion iis the result of the combination. 
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X. Stibstititte sodium for potassium, an in tlie ia.=t 
kiexperiment, iuid a beautiful combustion will ensue — 
I ^DTe energetic than in the fonner cose. 

Hiilion. The explanation is similar. 

•Notr. — If t)ie flitsk w'llb the potoasium uid sutpliur, "r Hxtiuiii 
■ KbiI eulphar, be icilJulraiim from the epirit-lainp at the mnmFnt the- 
ir melts, a.nd sDioko evolves within the flask, a fine combusliun 
nsue on the combination taking place. These phenomena 
ir when the subjects of experiment are exeloded from contail 
ir or any other supporting medium, aa vhen insulaled by a 
'oil of olives, orrapaarof naptha. 

XI. Wrap up a portion of antinioiiy in a slip of pla- 
tinum foil, and hold it in the Same of a spirit lamp; by 
a pair of forceps. So soon as a dull red heat is commu- 
nicated, a brilliant combustion suddenly ensues, and the 
sewly'formed alloy of platinum falls down jn u melted 
toim, OT is dispersed in ignited globules. 

Ration. Here combustion is the result of tlie combi- 
nation of two metals in the formation of an alloy. 

XII. Substitute granulated tin for the antimony, and 
the beautiful combustion is attended with brilliant miiiule 
^obiiles, that are scattered in all directions. 

I Radon. The combination of the tin with the platiniun 
is Ibe cause of the combustion ekhibited. Lead, 
bismuth, &c., may be substituted for tbe^ tin, ur 
antimony, in the previous experiment. 

Kole. — The spirit-lamp must be guarded by a plnte of tinned i 
itoa passing over the lamp, and resting on ilK neck, to preVRt | 
ffiathirr. The expeTimcnt of zinc andplaliaum, I know from i 
.rieuce, is fvu daiiftrtnii to be hazarded. — There a a. i:k<i.<w^ 
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nttcted with the foregoing expcrimests which it may bt ua^lRiI to 
mention ; a pkUinum sjwon must ob no account be used to mdfc a 
fragment of tin, antimony, lead, &c., as ^<A wonld asfuredly fiist 
together. 

XIII. If an alloy of potassium and sodium be brought 
into immediate contact with a small portion of mexcmy, 
in a watch-glass, combustion follows. 

Matian. The product is an amal§am, wherein the two 

metals are dienucally combined with mercnrj. 

XIV. Relative combustibility may be thus exhibit- 
ed : — allow a taper to bum out in a confined volume 
of atmospheric air, introduce inflamed sulphur into this 
medium, and permit this flame also to expire. Phos- 
phorus will still continue to bum in this last atmosphere> 
being- kindled previous V> introduction. 



Safety Lamp. 

• 
I. Introduce Davy's safety-lamp slowly into a large 

jar containing a little sulphuric ether, the vapour of 

which will partially fill it, if previously covered for a 

short time. The wick-flame will be seen to extend itself 

in the form of a lengthened spire ; and, as the lamp is 

lowered, be encompassed by a dilute foreign flame ; — ^this 

last becomes insulated, the wick-flame in the mean time 

being extinguished. Finally, the foreign flame which 

entzreJj possessed the cyHnder, will be extinguished also. 



Holt. — This esperimtnt fori 



This volume v 



Dcins ibe noH-exulence of Siune < 
i being intended as eontroverEiol, < 



, oretic, it may be simply here itated that I dil&r li 



f tbee> 



i« I do, t 



nbySirH. Davy of Ibis 



Elievmg, 



eoted by tbe minen' EaiUtj-lonip 
suppasitioD tiiat they a 



Are oloDe satisfactorily eitpliea 
entirely dependast, not on any suppoaed cfioliiig influence, but on 
ibe eombined ftgencica of an aidmixture of the products al combui- 
tion with the explosive atmoephere which enters the cage, together 
with the ninifactian and attenuation of this inflammable mixture, 
by the healed nire-gauze. For a more elaborate discasiiou of Uie 
question, and defence of thia new view, I must refer the reader la 
mj " Practical Observationa on Flacoe and SaJety- Lamps."* 

II. Bring a piece of wire-gauze over a gas flame, or 
flameof alcohol, it will spread belaw, bat not ya^s through 
the gauze, though uiuch inflammable vapour wilt escape, 
and inay be kindled above. 

Raliott. This is a fine proof of the non-passage of 
" ifeme through wire-gauze. I base also found that 
muslin, halrelot/t, life., can intercept flame. 

III. Over the wire gauze used in the lost experiment, 
place a portion of camphor, and bring it over flame ; the 
'camphor will melt and pass through, and flame will 
Attach to the under surface. Apply a taper above, and 
it will take iire there, and burn with flame. 



Rati 



This also affords another striking proof thai 
flame will not pass through wire-gauze. 



' London, 8vD. IS'IS. 
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AphlogtsHc Phenomena, 
May be defined as combustion without jffam^. 



I. Pour alittle sulphuric ether into a narrow glass, thaok 
coil up platinum wire at cme end; i^ite the coil and , 
introduce it into the vessel, it will continue to glow and 
exhibit light without flame. 

Ration, This curious and singular phenomenon, ac- 
compained by a phosphoric flame, dilute and lam- 
bent, is owing to a slow or inferior combustion — a 
volatile acid matter being evolved. 

II. Mr. Daniel Ellis, of Bath, has invented an aphlo- 
gistic lamp, by attaching a few rings of platinum wire 
to a spirit-lamp with a minute wick : when the lamp is 
kindled, the rings are also ignited ; if the flam^ be blown 
out, or extinguished by a momentary application of the 
cap, the coil still remains ignited ; and on bringing a 
small jar of oxygene over it, the lamp will be rekindled. 

Ration. The phenomenon is dependant on the same 
principles as the preceding. This lamp has been 
recommended for the sick-room, but from the pun- 
gent vapour developed, it ought to be entirely dis- 
carded. 

NoU. — It is erroneous to say that " platinum and paUadium» 
metals of low conducting character for heat, alone succeed in pro- 
ducing this phenomenon." Professor Sementini, of Naples, shewed 
me, in 1818, that both li/ver and copper^ eminent conductors of calo- 
ric, produced aphlogistic phenomena^ and in 1819, on my return 
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through Paris^ I shewed experiments with the former metal to 
M. Robiquet and other S^avans, as weU as to several of the pro- 
fessors of the university of Aberdeen, subsequently. Mr. Herapath, 
of Bristol, told me tbat be had observed the same thing with brass 
wire; and if I mistake not, Dr. Thomson, of Glasgow, stated also 
that he had succeeded with finely divided gold. Mr. EWis Jirst 
observed the add product obtained from the apblogistic lamp, in- 
correctly assigned to Mr. Daniel. When Eau de Cologne is sub- 
stituted for the alcohol, an odoriferous vapour is disengaged. Spirits 
of turpentine, under such circumstances, continually evolves smoke, 
though the rings are not visibly ignited. Mr. Merxyweather, of 
Whitby, has applied a combination of twelve of these lamps to 
sustain, for an indefinite period, a uniform temperature of 360° F. 
A ffreen taper may, if not properly extinguished, smoulder away 
gradually, and be productive of serious injury : this efiect is apblo- 
gistic, the colour being produced by acetate of copper. 



D 5 
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SUPPORTERS OF COMBUSTION, 

OR 

ELECTRONEGATIVE BODIES. 



Supporters of comlmstioii are medim, in whieh » 
mable bodies bum^ from the coittinned support derived 
fi*om them^ Sometimes the combustible body is ipmt- 
taneoutly igmted by being brought into (UAtaet with 
the supporter; at other times^ it must be kindled pre- 
vious to its introduction. Copper leaf, antimony, &Cr, 
spontaneously inflame in chlorine; but sulphur, phos- 
phorus, &.C., must be set on fire before their immersi<m 
into k medium of oxygene. The energy of combustion 
most likely depends on relative chemical or electrical 
affinities, which will necessarily be enhanced if the grade 
of previous ignition be considerable. This class of 
bodies is called ElectrO'ne^ative,heca.use they are evcdved 
-at the positive pole of the galvanic circle. 



I. — Oxygene. 

I. Extinguish a taper, and while the wick r^nains 
red-hot, plunge it into a vessel of oxygene ; it will be 
rekindled, and bum with brilliancy. 

Ration. The supporter of combustion is thus made to 
combine with the inflammable base at a red heal — 



its energy Ijdng thereby increased, it is exalted 

II. If a slip of paper be kindled and [he flame extin- 
guished, the red-hot paper will be rekindled. This 
experiment niay be many times repeated with the soine 
supply of gas. 

Ration. The explanation of the last experiment ap- 
plies equally here. 

III. If a piece of steel wire, coiled up in a spiral 
form, haring a fibre of cotton dipped in sulphur attached 
to its extremity, be kindled, and introduced into oxy- 

will bum with intensely vivid and beautiful 
till wholly consumed; and if the oxygene 
be pure, (as that obtained from chlorate of potassa,) a 
'watch-spring with sulphur, &c. applied to the tip and 
kindled, when introduced will be consumed in a most 
tfttriking and brilliant manner ; the interior surface of the 
iglass will be lined with a. red powder, while scorite, 
•being a combination of protosyde and carburet, will fall. 
Ration. In these experiments the iron combines with 
the oxygene, and forms the peroxyde of iron (red), 
exhibited as a deposit on the inner surface of the 
glaaa, and the carbon of the ateel forms, with ano- 
ther portion of the oxygene, carbonic acid gas.* 

' IV. If a portion of charcoal, of the bark of birch- 
woodi bo kindled at the edges, and introduced into 



^ 
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oxygene, the entire vessel will be filled with the most 
vivid and beautiful sparks. 

Ration. The carbon thus unites wilh the oxygene, 
and forms carbonic acid gas. 

Note. — Alcohol, camphor, ether, &c. being ignited and introduced 
into this gas, bum with increased energy and expanded flame. Also 
alcoholic solutions of nitrate of copper, boracic add,. &c.y yield 
brilliant coloured flames. 



, II. — Chlorine. 

I. A portion of metallic arsenic thrown into a tabe 
of chlorine, will exhibit a fall of white stars. 

Ration, In this beautiful spontaneous combustion the 
chloride of arsenic is formed. 

II. Heat a portion of mercury in a deflagrating spoon 
to ebullition, it will exhibit flame on being introduced 
into chlorine, and continue to burn for some time. 

Ration. At this temperature inflammation ensues, and 
a chloride of mercury is formed. 

III. Zinc, tin, and other metals when heated, become 
ignited on introduction into chlorine. 

IV. If a small portion of potassium be thrown on 
water, with this gas superincumbent, it will inflame in 
contact with the water, and the potassiated hydrogene, 
spontaneously inflammable, is supported by the medium 
of chlorine. 
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Raiian. This experiment also proves the claim of 
chlorine to rank with supporters of combustion. 

V. If a small portion of phgsphorus be introduced^ 
it will be spontaneously inflamed. 

Ration, A chloride of phosphorus results from this 
. spontaneous combustion in chlorine. 

Note, — ^A sohition of phosphorus in sulphuret of carbon will also 
spontaneously inflame. 

VI. An inflamed taper introduced into chlorine burns 
vrith contracted dimensions, the flame is a blood-red 
colour, and evolves much smoke. This flame is extin- 
guished on the taper being withdrawn. 

Ration, This shows, with respect to the combustion 
of a common taper, a diminished power of support- 
ing combustion. The products are carbonaceous 
matter in the form of smoke, and muriatic acid gas 
from the combination of the chlorine with hydro- 
gene. 

VII. Inflamed alcohol, eth^> &c. will also bum in 
chlorine. 

VIII. If a piece of coloured cloth, as for instance blue 
or green calico, be wetted and introduced into chlorine, 
the colour will be discharged — hence the application of 
this gas to bleaching. 

Ration. Here the hydrogene seems abstracted from 
the water by chlorine, forming muriatic acid gas, 

* 

and the oxygene, the other constituent of the water, 
thus destroys the colour, from the formation, it is 
probable, of deutoxyde of hydrogene. 
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IX. A red rose, er Uue^ kc, Skmem, will be biau- 
tifully blanched in chlorine. , 

Ration. The preceding explanation applies here. 

X. Manuscript on paper will be immediately de- 
stroyed by the contact of this gas. 

lUtion. The same decomposition takes place here^ 
but printed books are not affected^ as printers' ink 
contains oil> its carbon resisting the action of the 
gas. . 

Note, — Oxalic acid may be snccessfiillj employed to remove ink 

stains. 

XI. Copper leaf introduced into chlorine kindles im- 
mediately^ burning with a yellow flame. 

Ration. The energy of copper, in relation to chlorine, 
is here exemplified — a chloride of copper is formed. 



Note, — Metallic, &c.y chlorides are generally converted into 
muriates by contact with water. There are, however, soluHtms of 
of chlorides, as those of lime and soda, extremely valuable as du^ 
infecting agents, and introduced with the greatest success by 
M. Delabarraqu&. It may be observed that chlorine is nearly 
pflfitsive on colours when thy. 

XII. If a slip of paper, moistened with spirits of tur- 
pentine, be immersed into chlorine, it inflames imniedi- 
ately, with evolution of much smoke. 

XIII. If a little chlorine be passed up into a cylinder 
containing' sulphuretted hydrogene over water, a decom- 
position will ensue, and sulphur be deposited. 
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RaiUuk Here the icUorine^ combining with the 
hydrc^ene^ fonns muriatic acid gas^ which is ab- 
sorbed, and the sulphur is freed firom its com- 
bination. 

Note^ — ^This well ilhntrates the application of chlorine as a 
counter-poison in infections diseases, or contagion, and is the prin- 
ciple of Oniton de Morvean's presenratiTe phial — ^the septic aerial 
poison being destroyed by decomposition. A still more striking 
experiment is eihibited, under the same eireumstaaces, with arseni- 
cated hydxogene, a fla^ of purplish light ensuing, and a brilliant 
metallic film of reduced arsenic lining the cylinder. 

XIV. If equal volumes of chlorine and hydrogene be 
kindled, an explosion ensues, and vapour is exhibited. 

Ration. In this experiment muriatic acid gas is formed, 
being composed of equal volumes of these gases, 
thus forced into intimate chemical combination — 
the vapour -like appearance is owing to the com- 
bination of muriatic acid gas with the aqueous par- 
ticles of the atmosphere. 



III. — Iodine. 

I. If a small portion of iodine be heated in a globe 
by a spirit-lamp, it will rise in a violet coloured vapour. 

IMian. Iodine sublimes at a temperature of 168^ 
Fahrenheit, and condenses on the cooler snr&ce of 
the flask in the form of octohedral crystals: its 
purity may be thus determined. 
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n. If a chip of phospbonutx quite dxy^ be brought 
into contact with iodine in a watch-glass^ inflammation 
immediately ensues. 

Ration. This combustion results from the heat extri- 
cated in the combination, being sufficient to kindle 
the phosphorus. 

III. If a portion of iodine be thrown into liquid am- 
monia> and allowed to remain there several hours, it 
forms a brownish-looking mass, which must be taken out 
of the liquid, and divided into small portions. This 
being allowed to dry on blotting-paper, is fraught with 
detonating properties of an extraordinary kind, and very 
violent. 

Ration. The iodide of azote is formed, which is a 
substance so susceptible of explosion, that the con- 
tact of a slip of paper, or drop of water, or even 

* letting it fall through the atmosphere is sufficient 
to cause it : it also explodes on the contact of solu- 
tion of phosphorus in sulphuret of carbon, which it 
inflames. 



IV. — Bromine. 

I. When phosphorus, or solution of phosphorus in 
sulphuret of carbon, is brought into contact with bromine, 
immediate combustion ensues. 

Ration. This adds another illustration to the pheno- 
mena which belong to supporters of combustion. 
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Bromine is an electro-n^tiye principle of com- 
paratively recent introduction. 

II. When antimony, and some other metals, are pro- 
jected into bromine, they bum spontaneously. 



INFLAMMABLE AND ACIDIFIABLE, 

OR 

ELECTRO-POSITIVE BODIES. 



Inflammable bodies are such as are capable of being 
set on fire, and will continue to bum, provided they be 
placed in a medium capable of supporting their com- 
bustion, but are themselves unable to support combus- 
tion. Inflanunable and addifiable bodies are evolved at 
the negative pole of the galvanic battery, and are im- 
bued with positive electricity. 



I. — Hydrogene. 

I. Hydrogene may be inflamed on bringing a lighted 
taper near to the mouth of a vessel containing it. 

Ration. This particular species of air is thus proved 
to be inflammable. 

II. Bring a cylinder containing hydrogene in an in- 
verted position over a candle — it will inflame, and if 
depressed, the flame of the candle will be exlitv^v^Yia^* 
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Rmthn. This proves its lefity to be mwch greater 
than atmospheric air, while at die same timei, 
though it bums^ being inflammable, yet ,extin-> 
guishes flame^ and is therefore not a supporter, of 
combustion. 

III. This gas> from its inferior specific gravity, may 
be collected in an inverted cylinder, without the inter- 
vention of water — a taper may be passed up into this 
gas, which it kindles at the lower orifice, but the flame 
of the taper is extinguished in it as a medium : when 
withdrawn, it is rekindled on its issue into the atmos- 
phere, by the still flaming gas. 

Ration, The foregoing experiment illustrates the 
superior levity of hydrogene, its inflammability^ 
and its non-supporting character as a medium. 

IV. If soap-bubbles be inflated with hydrogene, they 
vrill ascend, and may be inflamed in their ascent* 

Ration, This, while it demonstrates the levity of 
hydrogene, exhibits the principle of a balloon. 

V. If a narrow tube of glass, &c., be brought over a 
minute jet of the inflamed gas it will produce very sin- 
gular intonations. 

Ration, This is evidently the eflect of a vibratory 
motion communicated to the flame by the air enter- 
ing from below. The tube is heated befiure the 
intonations commence, and the flame is evidently 
iu a state of nbration. 
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VI. A miniature balloon, Ibmied of the distended crair 
B^ a turkey, or of goid-lieaier's skin, nhen inflated nitb 
■ hydrc^ne, will ascend. 

Ration. This, while it explains the principle of aeros- 
laDon, demoDslrates [as in Experiment IV.) the. 
extreme levity of hydrc^ne. 



n. — CarboK. 

I, Charcoal, when ignited and introdnced into oxy- 
ftgene, becomes rividly red-hot, though without flame. 

Ration. This combustion is the effect of chemical 
enei^ and combination at an exalted temperatuTe 

II. A fragment of diamond enveloped in a tissue of 
fine platinum wire, if previously intensely ignited, and 
iuirodnced into oxygene, continues to burn, iis product 
being carbonic acid gas, without change of volume. 

t Ration. This experiment demonstrates that the dia- 
mond is pure carbon, unaasociated with hydrogene. 



Ul.—Svlphjt 
I. Sulphur, melted and inflami 
spoon, boms, when introduced inl* 

atmosphere! 

JVute. — Thi* ctmbioation gives rile I 



d in the defli^rating 
oxygene, with a blue 



ligation gives rile U iH^iA«iroy> acid, vhicb 

be osctutained hj iromereing moistenci) tilmus paper inbi tbe 

i, the blue leit paper becoming ttd. It is this ga.t, prodand 

H the ordinal? combuslion of sulpbur in a confinfd space, as in a 

imber. whicb is oscd Uy whiten silk, anJ hlancli straiv aint 



II. If inflamed sulphur be plunged into a <^linder 
containing carbonic acid gas^ it is extinguished, but re- 
kindled on its removal into the atmosphere. . . . 

Ration, This proves that inflamed sulphur cannot 
decompose carbonic acid gas, or overocHue its nega- 
tive relations, thoiigh its temperature, is sufficiently 
high to continue in combustion, in contact with 
atmospheric air. 

III. If inflamed sulphur be introduced into a jar of 
nitrous oxyde, it bums with a blue flame, and rose- 
eolouri^ (ringe. 

Ration. Sulphurous acid gas, mingled with nitrous 
gas, are the products. 

IV. If eight or ten parts of sulphur are burnt with 
one of nitre in a close vessel, and condensed by water, 
tinged blue with tincture of litmus, it will be changed 
to red. 

Ration. Sulphuric add is formed by this act of com- 
bustion, and is dissolved in the water. 



' -.V 



IV. — Boron. 



I. Boracic acid, dissolved in alcohol, bums when 
kindled with a green flame. 

Ration. This green flame is characteristic of Boron, 
the base of boracic acid. 
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V. — Phosphorus, 

I. If characters be described on a board with phos- 
phorus> they will be lumifwus in the dark. 

Ration, This is the effect of a slow combustion^ with 
the production of phosphorus acid, as is evident 
when we write on blue su^ar-loaf paper, the charac- 
ters being red. 

Note. — Phosphorus, when allowed to remain for some time in 
carbonic acid gas, imparts a luminous property to it, but a stick of 
phosphorus emits no light, in pure desiccated oxygene, until azote 
or carbonic acid gas be introduced. 



VI. — Azote, 

L A lighted taper being introduced into this gas is 
extinguished. 

Ration. This shows its negation with respect to flame, 
azote being distinguished by negative, rather than 
by positive properties. It soon escapes from the 
cylinder, and does not render lime-water turbid. 
These last ^operties more immediately distinguish 
it from carbonic acid gas. 



Sulphuret of Carbon. 

I. A small portion of sulphuret of carbon may be made 
to float on water, and be inflamed while tW^ i^Q^Vvw^. 
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Ration. This shows its comparative specific gravi^y^ 
though a smaJl portion of the sulphuret will fall 

* through the water, and I have found that a chip of 
phosphorus heing brought into contact with it in 
this condition, will combine and form 9^ fluid com- 
|)ound. 

II. If sulphuret of carbon be inflamed and plunged 
into oxygene, it bums with a fierce and expanded flame. 

Ration. The products of its combustion in this me- 
dium are carbonic acid gas and sulphurous acid gas. 

III. The flame of sulphuret of carbon expands, and 
is jfnnged with rose-colour, in nitrous oxyde. 

Ration. Carbonic acid gas, sulphurous acid gas, &c., 
are the products in this instance. 

*IV. If a drop of sulphuret of carbon be introduced 
into a cylinder of oxygene, it will difluse, and produce 
an explosive atmosphere, which may be kindled either 
by the contact of flame, or that of a chip of potassium 
thrown into the cylinder, having a small portion of water 
at the bottom. 

Ration. The products of explosion are sulphurous 
. and carbonic acid gases. 



/j 
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COMPOUND GASES. 



I.—- JVi/raiw Oanfde, 

I. If a taper be plunged into this gas, it will burn 
nearly as in oxygene. 

Rattan* This shows it to be a supporter of com- 
bustion. 

II. A chip of potassium, or sodium, thrown into a 
volume of this gas, over water, will inflame. 

Ration. Here the flame is supported by the medium. 
The sodium bums with its characteristic yellow 
flame. 

III. The gas, if pure, may, imder certain conditions, 
be taken into the lungs to the amount of from three 
quarts to a gallon: it produces a singular delirium, 
analogous to the eflects of intoxication. 

Ration, This proves that it is respirable : though an 
incautious administration of it, as in cases of a pre- 
disposed determination of blood to the head may 
prove noxious, if not fatal. This experiment is 
not only not recommended, but it is deemed right to 
caution against its exhibition altogether, even when 
the gas is perfectly pure, as apoplexy and madness 
have followed its administration, and a case of per- 
manent derangement from this source, has been 
communicated to me. 
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II. — Mtrous Ga$, or Nitric Oxyde. 

L If a taper be inflamed and introduced into this 
gas, it will be extinguished. 

Ration. This shows its negation, in reference to com- 
mon combustion. 

I I. Inflamed sulphur, when immersed, is extinguished, 
and is rekindled on its transit iato atmospheric air. 

Ration, This also proves its non^upporting character 
with respect to the flame of sulphur. 

III. If Romberg's pyrophorus be thrown into nitrous 
gas, it is ignited. 

Ration, There can be little doubt that such ignition 
depends on the evolution, in this as in other pyro- 
phori, of the metallic basis of an alkali or earth. 

IV. If a chip of potassium be thrown into this gas, 
incumbent over water, it will inflame. 

Ration, This medium supports the flame of potas- 
sium, which is thus proved capable of decomposing 
the gas. 

V. If a bit of phosphorus, in a state of intense and 
active inflammation, be introduced, it burns with vivid 
splendour. 

Ration, The phosphorus, in this intense combustion, 
can decompose the nitrous gas, and bmn in the 
separated oxygene; but if the phosphorus be in- 
troduced in a state of feehU combustion, it is - 
extinguished. 
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Note, — Solution of phosphonis insulphuret of carbon will inflame 
in this gas, even when its combustion, prior to introduction, is but 
feeble. 

VI. Equal parts of this gas and hydrogene may be 
ignited in an inverted jar^ and will bum with a peculiar, 
tranquil green flame. 

VII. If a jar of this gas be opened into the atmos- 
phere, it evolves red fumes. 

Ration. The oxygene of the atmosphere combining 
with the nitrous gas, forms gaseous nitrous acid. 



III. — Olifiant Gob. 

I. A jar of this gas may be inflamed inverted, or as it 
passes through jets of different diameters and forms. It 
bums with a brilliant white light. 

Note. — Coal and oil gas owe their illuminating power and pro- 
perty to the presence of olifiant gas. A portable gas-lamp was in- 
vented by the late Mr. Gordon, in which oil-gas in a highly com- 
pressed form was employed; the stopcock being turned so as to 
allow the smallest portion of the gas to escape, the light becomes 
exceedingly feeble, but the required amount of illumination is in- 
stantly obtained by increasing the quantity of gas. I was informed 
that a medical gentleman, who had been in the habit of employing 
a portable gas-lamp at night, found that it was on two occasions 
extinguished by moths. Under such circumstances, the gas would 
form an atmosphere deleterious to respiration, and might compose 
an explosive medium. The introduction of coal or oil gas into a 
bed- room, is most injurious to health. 



74 



IV. — Sulphuretted Hydrogene. 

I. This gas may be kindled in an inverted cylinder, 
when it will burn with a bluish flame, depositing 
sulphur. 

Ration. Sulphurous acid gas and water ai-e the pro- 
ducts, the excess of sulphur being deposited. 

II. If a slip of paper, having characters written with 
acetate of lead, nitrate of silver, or pemitrate of bismuth, 
&c., be passed up into this gas, they become dark brown, 
and are thus rendered legible. 

Ration, In this case, sulphurets of these metals are 
formed. It illustrates the application of paper 
dipped in solution of sugar of lead to test the purity 
of coal-gas, and it also proves that secret corres- 
pondence might thus be carried on— the paper being 
a carte blanche till dipped into solution of sulphu- 
retted hydrogene, or hydro -sulphu vet of ammonia, 
or the sulphuretted waters of Gilsland, MofTat, 
Harrogate, &c. In this gas moistened litmus paper 
will be reddened, 

III. If a slip of paper dipped into nitric, or nitrous 

■ 

acid, be passed up into sulphuretted hydrogene, a yellow 
vapour will be developed. 

Ration, This shows the decomposition of the sul- 
phuretted hydrogene by nitric or nitrous acid ; the 
hydrogene being abstracted, the sulphur becomes 
visible, and proves analogically that nitrous and 
nitric acids may be successfully used as disinfect- 
ing agents. 



V 
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V. — Carbonic Acid Gas. 

I. If a taper be inflamed and introduced into the gas 
it is extinguished. ' 

Ration, This proves its negation in combustion. 

II. If we breathe^ by means of a tube, through lime' 
water, it will become turbid or cloudy. 

Ration, Carbonate of lime is formed. The carbonic 
acid evolved from the lungs, combines with the lime, 
and forms an insoluble carbonate of lime. 

III. Hence, if a little lime-water be poured into a 
vessel containing carbonic acid gas, it becomes milky. 

Ration. Carbonate of lime is formed, as in the pre- 
vious example evincing at once a distinction between 
azote and carbonic acid gas; and exhibiting its acid 
properties by combination. 

IV. This gas may be poured over a candle, when it 
will be extinguished. It may also be laved from one 
vessel to another ; transferred or emptied by stopcocks,* 
and poured through a funnel, or pumped out. 

Ration, These interesting facts show its superior spe- 
cific gravity, and the various modes by which it 
may be got rid of, as being pumped from a well, 
mine, &c., or emptied by the spigot from the fer- 
menting guile. 

* Sec the figure for the \ csscl used in this illustration. 

e2 



76 

V. If tapei-s of unequal heights be placed in a tum- 
bler, and this gas be poured gradually into the vessel, 
the lowest will be first extinguished, and the others in 
rotation. 

Ration. This shows that the gas will repose in the 
lowest stratum of the atmosphere of a mine. It also 
illustrates the phenomena of the Grotto del eane, 
near Naples. 

VI. Phosphorus previously kindled, will bum with a 
lambent flame in this gas, and the mingled vapour will 
render the gas visible. 

VII. A wide mouthed phial or cylinder entirely im- 
mersed in this gas, will be filled with it, the previously 
contained air being displaced by the heavier gas. 



VI. — Muriatic Gas. 

I. If an inflamed taper be introduced into this gas, it 
is extinguished. 

Ration. This proves that it does not support combus- 
tion. A visibk vapour is also formed on its evolution 
into the atmosphere ; this appearance is Occasioned 
by the gas combining with aqueous v£^ur, by 
which it becomes visible. 

II. A ittle ammonia thrown into this gas produces 
a very dense white vapour. 

Ration. Here sal ammoniac is formed. 
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III. If a bit of ice be introduced into muriatic acid 
gas it melts. 

Motion. This arises from the condensation of the 
elastic gas^ and the heat developed in that conden- 
sation. 

Note, — This gas may be evolved in a narrow cylinder, by adding 
sulphuric acid to common salt. 



Alkalis. 

Alkalis are either fixed, as potassa, soda, and lithia ; 
or volatile, as ammonia. This clas^ of bodies renders 
oils miscible with water, abstracts carbonic acid from 
the atmosphere, and becomes carbonated. They also 
combine with other acids, and form alkaline salts. 

Alkalis are caustic and corrosive : they change vege- 
table blue colours to green, yellows to red, and reds to 
brown. These changes, though generally characteristic, 
are not without exceptions <, 

Noie. — I discovered that subacetate of lead turns the syrup of 
violets and tincture of cabbage ^eeTi; and when some blue vegetable 
colours are reddened by acetic, &c. acids, that sulphate of iron, 
nitrate and sulphate of copper, &c., will restore the original tint. I 
found also that the tincture of red beet became brown by the contact 
of ice, and that litmus paper when heated, was changed to red, its 
blue colour reap|>earing on ammonia being applied. 



I. If blue litmus paper be dipped into an acid, it is 
reddened, and if transfen-ed to an alkali, in solution, the 

original colour is restored. 

£3 
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Ration, It is the property of acids to turn vegetable 
blues red^ and of alkalis to restore the original tint. 

II. If a solution of caustic alkali^ as potassa or soda^ 
be added to syrup of violets, it is turned green. * 

Ration. Alkalis turn vegetable blues green. 

III. If paper, stained with tincture of brazil, be in- 
troduced into an alkali, it becomes brown. 

Ration, It is the property of alkalis to turn vegetable 
reds to brown. 

IV. If turmeric paper be dipped into a solution of 
alkali, it becomes red. 

Ration. Vegetable yellows become red by alkalis. A 
similar change is superinduced on turmeric paper 
by super-carbonate of lime, and boracic acid. 

IVTofe.—- On tinctures of litmus, turmeric, and brazil, in test glasses, 
similar changes of colour may be exhibited. 

*V. Put a little caustic potassa into a narrow cylinder 
containing carbonic acid gas, cover the orifice with the 
hand, and agitate the mixture ; the hand will adhere, in 
consequence of the absorption of the gas, and pressure 
of atmospheric air. 

Ration. This experiment shows the ready transit of 
caustic alkali to the state of a carbonate, by the 
absorption of carbonic acid gas. Hence, caustic 
alkalis soon become mild by abstracting this gas 
from the atmosphere. 
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VI. Add a little olive oil to water, and a portion of 
solution of caustic alkali. This when agitated will form 
a homogeneous mass of the consistency of cream. 

Ration. Alkalis render oils miscihle with water, and 
thus soap is produced. Potassa forms a soft, and 
soda a hard soap. 



METALLIC BASES OF ALKALIS. 



l.^Potassium, 

I. If a portion of potassium he thrown on water it 
immediately inflames. 

Ration. This metal having a great affinity for oxygene, 
decomposes the water, and hecomes red-hot in com- 
hining with its oxygene, thus igniting the evolved 
hydrogene which dissolves a portion of potassium. 

II. If a small chip of potassium be quickly thrown 
into a ncCrrow cylinder containing hydrogene, with a 
little water, the hydrogene will be kindled with explosion. 

Ration. The flame evolved, as in the last experiment, 
kindles the mass as soon as a little air has, by mix- 
ing with it, rendered it explosive. 

*III. A bit of potassium thrown into a mixture of 
equal parts of hydrogene and chlorine, with a little 
water, instantly kindles the mixture, with explosion, 
and evolution of white vapour. 

£4 
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Ration. MuriatiG acid gas is the product^ and the 
chemical combination is effected by the energetic 
decomposition of water by the potassium^ wher^ 
the metal becomes ignited. 

*1V. When a chip of potassium is cast on water, ^th 
carbonic acid gas superincumbent, the potassium assumes 
the appearance of a red hot ball, without flame ; from 
the mingled vapour, the gas becomes visible, and when 
poured out may be seen to fall to the ground. 



II. — Sodium. 

I. If a portion of sodium be tlurown on cold water, it 
hisses violently, and moves on its surface, but does not 
inflame. 

Ration, The affinity of sodium for oxygene is thus 
lower than that of potassium. 

II. Sodium thrown on hot water bums with a fierce 
yellow flame. 

Ration. The temperature of the water exalts it to 
ignition, by an increase of its affinity. 

III. If a chip of sodium be placed on sulphuric acid 
it may remain uninflamed, but the contact of a drop of 
water sets it on fire. 

Ration. The mixture of water and sulphuric acid 
produces a high temperature, and occasions the 
ignition. 

*IV. If a bit of sodium be thrown into water with 

chlorine over it, it burns with scintillations of yellow 
light. 
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Ration. The action of the chlorine ignites the metal. 

* V. If sodium be thrown into water with nitrous oxyde 
incumbent, it bums with flashes of yellow flame. 

' VI* If a chip of sodium be thrown on nitrous acid, it 
buxns with a fierce yellow flame. 



Ammoniacal Gas and Ammonia in Solution, 

I. An inflamed taper on being introduced into am- 
moniacal gas, discovers an enlarged and foreign flame, 
and is then extinguished. 

Ration, Ammoniacal gas is, under proper circum- 
stances, inflammable, especially when the volume 
of the gas is considerable. 

II. If equal volumes of ammoniacal gas and chlorine 
be brought together, a flash of light pervades the cylin- 
ders, and a white crust lines the interior. 

Ration* Sal ammoniac is formed, and the light pro- 
bably proceeds from the instantaneous formation 
of a portion of chloride of azote, the vapour of 
which, expanding and decomposing in the new- 
formed void, emits light. 

III. If two large cylinders, one containing a little liquid 
ammonia, and the other a portion of muriatic acid, be 
brought into contact, a white vapour will be formed. 

Ration, Muriate of ammonia is fonned by this eon- 
junction of the liquids. 

e5 \ 
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*IV. A little strong liquid ammonia^ being introduced 
into chlorine, either on a slip of paper moistened with 
it, or in a deflagrating spoon^ spontaneously inflames, and 
continues to bum. 

Note. — This singular fact was discovered by me about ten years 
ago, but I am not aware that it has yet been noticed in any chemical 
work. 

Ration, The explanation is similar to that in Experi- 
ment II. 

V. If solutions of chlorine and of ammonia are intro- 
duced into a long narrow tube, so as to fill it, and the 
tube be agitated, its lower orifice being immersed in 
water, gas will be liberated, and occupy the superior part 
of the tube. 

Ration. This gas is azote, and is one of the constituents 
of ammonia. 

Note, — There is an extraordinary phenomenon produced by in- 
troducing an amalgam of potassium and mercury into a cavity, 
formed in sal-ammoniac, moistened with liquid ammonia. The 
amalgam gradually increases its volume to many times its former 
hulk, but without any sensible diminution of its consistency. When 
this singular amalgam is thrown into water, elastic matter is de- 
veloped, and the mercury becomes insulated. No satisfactory expla- 
nation has yet been offered. 



Metals and their Combinations, 

IMetaJs possess a peculiar opacity and lustre, and are 
conductors of heat and electricity. 

* Aqua ammon. foriiss. of Howard. 
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Some metals are ductile, ot may be drawii into wire, 
others are malleable, or may be beaten into laminae : pla- 
tinum, gold, silver, and copper, afford examples of both. 
There are metals, however so extremely brittle, as to be 
easily reduced to powder, such as arsenic and antimony. 
Some tarnish, corrode, or oxydate, by exposure to air or 
moisture, as silver, iron, &c. ; others preserve their lustre 
unimpaired, as platinum and gold. Mercury remains 
fluid at the common temperature. Iron and platinum 
grow soft before they melt, and may be thus united by 
welding. In specific gravity metals differ much among 
themselves ; platinum is 21 times heavier than an equal 
volume of distilled water, while potassium will float on 
sulphuric ether. 

Note. — ^There ai*e Thirty metals known exclusive of the metallic 
bases of the alkalis and earths. Some metals ai'e coloured as gold . 
others white and brilliant as silver : some metals have not that pecu- 
liar lustre which has been deemed chai-acteristic, or at least have 
been only imperfectly reduced. Some metals rise in vapour at a 
comparatively gentle heat, as arsenic ; others, as platinum, bear 
unchanged the most intense temperature. Some metals, as osmium, 
are characterized by a peculiar smell. There ai-e metals that com- 
bine with hydrogene and assume a gaseous form, tellurium for 
instance ; while others, as molybdenum, chromium, &c., combine 
with oxygene, and form acids. It does not appear that selenium is 
a conductor of electricity, and we should therefore hesitate to place 
it among the metals. 



I. If coarse red wafers are burnt in the flame of a can- 
dle, globules of pure lead drop down, and may be received 
on white paper. 
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Ration, This is a very simple example of reduction, 
the oxygene of the red lead combining with the 
charcoal of the paste^ passes off as carbonic acid gas> 
and the pure metal is thus evolved. 

II. If red lead be mixed with powdered charcoal^ and 
exposed in a crucible to the action of heat, pure metallic 
lead may be obtained. 

Ration, The explanation of the last experiment applies 
here. 

III. If gold leaf be put into pure nitric acid, and pure 
muriatic acid, apart, it will remain in each unchanged : 
but on their mixture the gold is dissolved. 

Ration, Gold is only soluble in nitro-muriatic acid, 
thus formed. This mixture, which becomes of an 
orange tint, evolves chlorine, and gold is soluble in 
solution of chlorine. 

IV. Fulminating silver will explode by the simple fric- 
tion of flints, if a minute portion be applied to the edge. 

V. Fulminating silver will explode if placed on a slip 
of paper, and held over the flame of a candle : it perfor- 
ates the paper, and extinguishes the candle, the force 
being exerted downwards. 

Note. — Fulminating silver must be used with the utmost caution : 
a gmn, or even less, at a time, — its explosive force being great. 

VI. If fulminating mercury be ignited, it burns like 
gunpowder. 
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*VII. On a polished piece of plate glass, ignite by a 
taper, a small quantity of fulminating mercury — the 
metal will be beautifully reduced. 

Ration. This striking and interesting experiment forms 
a mirror from the opposite side, and proves that 
reduction takes place in every instance wherein 
fulminating metals are exploded. 

*VIII, If fulminating mercury be placed on a slip of 
paper, and held over the flame of a spirit lamp, it ignites 
like gunpowder ; requiring a less temperature than ful- 
minating silver. It inflames even before the paper be 
charred. 

IX. If fulminating mercury be struck by a hammer 
on an anvil, it explodes with a loud report.* 

Note.— To what principle falmina4iog compounds owe their sin- 
gular properties, seems by no means a settled point. The opinion 
formerly entertained on this subject ascribed it to the combination 
of azote; more recently however, it has been supposed that most, 
if not all, the compounds which possess the property of exploding, 
contain a peculiar acid, somewhat allied to cyanic acid — identical 
with it in constitution according to Gay Lussac ; but essentially 
different from it according to Edmund Davy. This peculiar acid 
has received the name, JuhUnic, We cannot comprehend the extra- 
ordinary dogma to which we should be lead by Gay Lussac's deduc- 
tion, namely, that identity of constituents, as well as identity in 
their relative ratio, do not of necessity imply identity of constitution. 

• Fulminating mercury will be found every way superior to 
what is called percussion gunpowder, — ^it is safe, certain, and un- 
affected by damp. There is only one drawback to its exclusive and 
unqualified adoption, — ^that is the low temperatura at which it in- 
flames, so that when the fowling-piece gets heated by frequent dis- 
charges, this substance might thereby be kindled. Percussion caps, 
formed of pasteboaitl, or other non-conducting substance, would 
obviate this accident. 
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X. If a stream of hydrogene be pressed through a 
fine capillary tube on spongy platinum, it is ignited, and 

sets fire to the hydrogene. 

Note. — ^This curious discovery was made by Dobreiner. Inflam- 
mable lamps have been constructed on this principle ; that of Mr. 
Jackson is at once the simplest, the most elegant, and the best. It 
has also been employed eudiometricalli/y by passing up into the 
gaseous mixture, a small ball of spongy platinum mixed with 
alumina. 

XI. If caustic potassa be poured into a solution of 
sulphate of copper, it will form a gelatinous mass. 

Ration. Here the potassa separates the sulphuric acid, 
while the oxyde of copper is evolved, and combines 
with water, forming a hydrate of copper. 

XII. There is a fusible metal composed of tin, lead, 
and bismuth, in definite proportions, which melts below 
the boiling point of water. Spoons are made of this 
alloy, for purposes of amusement. The alloy may be 
melted on paper, over the flame of a candle. 

Ration. This circumstance of low fusibility proves a 
chemical change in the alloy: the average tem- 
peratm'e at which these separately fuse is 510°, 
Fahrenheit. 

Note. — This alloy is composed of three parts of tin, (fusing at 
442^ F.^ five parts of bismuth, (fusing at 476^) and two pai*ts of 
lead, ('fusingat612°). 

XIII. Sticks of phosphorus left in solutions of nitro- 
muriate of platinum, and of gold, become coated with 
films of reduced platinum, and gold. In sulphate of 
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copper the phosphorus hecomes coated with copper ; in 
nitrate of silver, with silver ; and in muriate of mercuiy, 
it is studded with globules of running mercury. 

XIV. Put equal parts of solutions of nitrate of mer- 
cury and of silver into a wide-mouthed phial, and suspend 
in it a portion of mercuiy, tied up in a linen bag — needle- 
like crystals of pure silver will bristle this nucleus of 
mercury. 

Ration. The effect is no doubt galvanic, and depends 
on the relative electric character of the silver and 
the mercury, the silver being negative, and the 
mercury relatively positive. 

XV. A plate of copper introduced into nitrate of silver 
reduces the silver that attaches to the copper, in the form 
of brilliant laminae. 

Ration, It is presumed that this, too, is a galvanic 
phenomenon. The copper is positive, with respect 
to the silver. 

XVI. A ball of zinc being introduced into acetate of 
lead in solution, will soon exhibit the lead precipitated 
in the form of metallic branches or a species of arbori- 
sation. 

Ration. The lead is negative, with respect to the zinc. - 

ICote. — Experiments XIV. and XV I. are commonly called metallic 
trees. 



88 



Vegetable Chemistry. 

The proximate or immediate principles of vegetation 
are, tan, gum, resin, gluten, fecula, camphor, jelly, &c., 
and these are severally obtained by the action of cold and 
hot water, cold and boiling alcohol, and concentrated 
Hulphuric ether. 

The ultimate or elemental forms of vegetable matter 
are, carbon, hydrogene, and oxygene, being thus resolved 
by heat, with the addition of peroxyde of copper, or 
chlorate of potassa. 



I. To an infusion of green or black tea, in a test tube, 
add a solution of isinglass, and a tawny precipitate will 
be formed. 

Ration. The gelatine combines with the tannin ex- 
isting in the tea, and forms a compound, which is a 
species of leather. Hence tannin exists in tea, 
leather is merely a compound of the gelatine of the 
pelt or hide with the tannin of the oak-bark. 

II. To an infusion of tea add a solution of sulphate of 
iron — black results. 

Ration, In this experiment ink is formed, from the 
gallic acid of the tea combining with the iron, and 
forming gallate of iron. 

III. If a few drops of tincture of iodine be added to 
a large quantity of water, a little starch (prepared with 
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hot water) ^ stirred in the liquid, will develope a fine 
violet colour, intense according to the proportion of tinc- 
ture of iodine added. 

Baiian. This affords a test for fecula or starch, and 
shows their reciprocal affinity. Glazed calico be- 
comes blue in the tincture of iodine, from the British 
gum used in the glaze, — ^British gum being a modi- 
fied starch. 

IV. A chip of camphor will float on water, and may 
be ignited.* 

Ration, This shows the specific gravity of camphor to 
be less than that of water, and at the same time 
proves its inflammability. 

V. If a portion of camphor be put on a metallic plate 
under a glass funnel of convenient size, it will be beauti- 
fully sublimed by the heat of a spirit-lamp, in the form 
of an efliorescent crust. 

Ration. This concrete essential oil is purified by 
sublimation^ and is sublimed unaltered. 

VI. A little of this sublimed camphor, if mixed with 
finely powdered chlorate of potassa, may be inflamed by 
the contact of sulphuric acid. 

Ration. Here the liberated orange-coloured gas kindles 
the camphor. 

VII. If a portion of powdered loaf-sugar be put into a 
deflagrating spoon, fused, and kindled, a fine jet of flame 
will be exhibited. 
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Ration. This flame is carburetted hydrogene^ formed 
from its constituents in sugar^ and a spongy char- 
coal remains. 

VIII. Place some powdered gmn benzoin on a metal- 
lic plate over a lamp-flame^ — ^it will sublime into a paper 
cone placed above it, in the form of fine silky crystals, 
and if the branch of a shrub be included, it will be in- 
vested with the semblance of frost-work. 

Ration, The sublimed crystals are benzoic acid, and 
the experiment affords an example of an acid formed 
by sublimation. 

IX. A bit of caoutchouc inflamed, and introduced into 
oxygene, bums with a brilliant and sparkling flame. 

Ration, Much smoke or carbonaceous matter is depos- 
ited, and the flame is that of carburetted hydrogene. 

X. Small bottles of caoutchouc may be inflated to a 
considerable size and extreme thinness, by an attached 
condenser; or by the introduction of a little ether, the 
caoutchouc bottles being softened by hot water. These * 
globes may be made very thin, so as to become trans- 
parent, and being filled with hydrogene, ascend in the 
air. Figures of flowers and insects are sometimes painted 
on them. 

XI. Gluten, obtained from wheaten flour by kneading 
and washing it till it ceases to whiten water, may be dis- 
tended like the membrane of a drum. 
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Fermentation, Distillation, Sfc. 

I. If a portion of beer or porter be put into a retort, 
the beak of which is plunged into lime-water, it will soon 
render it milky, on the application of a gentle heat. 

Ration. This proves that carbonic acid gas is the pro- 
duct of fermentation, and remains combined with 
the beer, porter, &c. The formation of carbonate of 
Ihne occasions the turbidness. 

Note.— 'Beer or porter froths up in the rarified medium of the 
air pump. This fermentation might be accelerated hy removing the 
prettore of the atmosphere, and retarded by a condensed atmosphere 
of carbonic add gas. 

II. If wine, beer, &c., be put into an alembic, and 
heat applied, alcohol will soon distil over into the glass 
vessel attached to receive it. 

Ration, The heat here merely separates the alcohol, 
and thus acts a mechanical part. 

III. If a solution of subacetate of lead, or proto- 
nitrate of tin, be mixed with port wine, and this put on a 
filter, a colourless liquid will pass through, and being 
mixed with a due quantity of dry subcarbonate of potassa, 
will sep£trate an inflammable liquid, which will float on 
the surface, and may be inflamed. 

Ration. This experiment may be called distillation 
without heat, and proves that heat acts in common 
distillation as a mechanical agent; the subacetate 
of lead disentangles the colouring matter, and the 
subcarbonate of potassa carries dowci \\i^ ^^\3e.\\ xicvfc 
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alcohol is then disengaged. A shallow dish exposing 
a considerable surface, renders the separation of the 
alcohol more certain.. 

IV. If to nitro-muriate of gold, in solution, one- 
fourth its volume of rectified sulphuric ether be added, 
the gold will be separated from its acid combination, and 
float incumbent; — finely polished steel, as needles, lan- 
cets, &c., when dipped into this etherised gold, and trans- 
ferred to water to take off the adhering acid, will be gilt 

Ration. This seems a galvanic phenomenon, the gold 
being negative with respect to the steel, and forms 
a convenient method of preserving surgical instru- 
ments, &c., from corrosion. 

V. Phosphorus is soluble in ether. If a little of this 
phosphorised ether be poured on hot water in the dark, 
the surface of the water becomes luminous. 

^ VI. I find that at common temperatures sulphuric 
ether evolves a vapour, which may be poured out from 
one vessel to another, in an invisible form, like carbonic 
acid gas; or may be poured through a funnel, pumped 
from one vessel to another, laved out, transferred through 

« 

spigots or stopcocks, &c. 

* VII. This vapour may be retained in a funnel, with 
a fine capillary bore and long stem. 

VIII. Concentrated sulphuric ether boils at a very 
low temperature — it has been rated as low as 98°; but 
circumstances will alter the degree, and in a long narrow 
tube its temperature may be raised 20^ to 30*^ higher; 
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and it will be found that the introduction of foreign sub- 
stances, as, for instance, chips of cedar wood, will deter- 
mine its ebullition under circumstances which would 
require many degrees of additional temperature. In the 
receiver of the air pump, ether readily boils. 

IX. Alcohol dissolves phosphorus, — if this phospho- 
rised alcohol be poured on the surface of cold water iu 
the dark, it will also become luminous. 
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DETECTION OF METALLIC POISONS. 



I. — Copper, 

C/OPPER is the material employed in the fsiibricatioii 
of many culinary vessels : some, however, are tinned ; 
but for the production of specific colours (considered 
necessary in the science of the kitchen), the copper 
vessel is unprotected^ in order that the full amount of its 
poisonous effects may be secured. Strange that any 
should incur the risk of being poisoned through a foolish 
ambition to have pickles of a peculiar and determinate 
tint ! It is quite evident, on a moment s reflection, that 
if no other metallic vessels, except those of copper or 
brass, can communicate the peculiar green colour which 
these impart, it must needs proceed from a dissolution of 
the copper in the acid used in pickling ; and let it be re- 
membered, that all the salts of copper, without exception, 
are poisonous. Verdigris is formed by the action of the 
acetous acid or vinegar on the copper vessel. So far has 
this singular ambition carried the cuisinier, that even 
halfpence are directed in some early cookery-books to be 
boiled up with the pickles to make them ^' beautifully 
green," and what is called greening is duly prepared. In 
preserves, the same fatal poison is developed by tl\^ ws^ 

F 
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of topper or brass paiia, uiisuciireJ by liii lining ; A'uiK 
cuntain peculiar adds, (ihe citric, niallic, auetiu, &.c.) 
which form suits of copiier, and become poiaona. The 
same thing takes place where oily or futtj' substances are 
cooked in copper vessels ; they contain usually a pecvliur 
acid, called sebacic acid, equuUv foniiidable in i(s efiects. 

It is woTlliy of remark, that thuiigh the vessel contains 
only a small portion of tinning, as has been shown by 
the French chemists, it is still preservative ; the effect b 
of bh eleclric or galvanic desciiption ; the acid being 
confined in its action to the tin, and the copper being 
thus rendered relatively negative, escapes unacted irpo». 
If, for instance, a plate of copper h immewed in dilute 
nitric acid, it is soon corroded and (Usaolved; but if a 
plate of zinc be introduced, the action is completely 
changed, the zinc is dissolved, and the i;oj>per remains 
unaltered and uninjured. This is the principle on whidi 
Sir H. Davy proposed the preservation of coppersbetttliing 
on the bottom of ships, which lliough completely suc- 
cessful in this respect, eventually promoted the attach- 
ment of sea weed and marine molluscs. It is clear, 
tlierefore, that if we use a siher spoon, compared ?rith 
which the copper is posiUvc, that a poisonous salt of 
copper must be formed ; and even if there should be a 
partial tinning left on the copper, should a silver spoon 
be used, it is probable, that a minor quantity of poison 
would still be elaborated. An iron spoon, where there is 
no tinning, would protect the copper from action, were it 
never withdrawn. 

It is nor generally known that fatty or acid matter ^ 
acts more energetically when eold than when hot, and 
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this partial suspension, I presume, is la be ascribed 
entirely to a thermo-electric influence. It is absurd to 
suppose that if tlie copper or bra.ss pan be scoured bright 
and clean, that there is little or no danger; for this 
makes but a trifling difference; such vessels for culinary 
purposes ought to be banished for ever irom lie kitchen. 
Copper leaf is the material employed in gilt ginger- 
bread. Sulphate of copper has been fraudulently em- 
ployed to impart an artificial "Blue mould" to cheese; 
and is also added to writing ink, the reason why the 
edge of the penknife is so soon lost. Mr. Brande recom- 
mended the addition of corrosive sublimate to ink as a 



preservative ! 

If copper be suspected to be present, the liquid, after 
being passed through bibulous or blotting paper, should 
be tested by the following re-agents ; — 

I. Ammonia will produce a beautiful violet colour, 
and if carefully dropped on the surface of the liquid, a 
Tiolet-eoloured film or stratum will be evolved. A slip 
of card paper being dipped into ammonia, and subse- 
quently into the liquid, will therefore be tinged violet, 
if copper bi: present. 

II. Arseniate of potassa will also form a delicate apple- 
L frteti tint. 

III. Ferro-c3"anate of polassa produces a brown pre- 
cipitate. 

IV. A fragment of phosphorus is coated with metallic 
' copper. 



100 

These are the best tests for the detection of copper. 
It may be added, however^ that a plate of polished iron 
will become coated with a film of copper when intro- 
duced into a liquid containing it,**^ and pure iron-filings 
will be soon invested with a metaUk reduction of copper. 



II. — Corrosive Sublimate, or Permwiate of Mercury. 

The tests for discorering this virulent poison are as 
follow : — 

I. Caustic potassa in solution, dropped into the filtered 
liquid, produces a brick-red or orange precipitate, re- 
dissolved by nitric acid. 

II. Lime-water will produce an effect somewhat simi- - 
lor, though less sensible and delicate. 

III. Hydriodate of potassa forms a brilliant scarlet 

IV. A stick of phosphorus suflfered to remain in th^ 
solution, will, after some time, be coated with small 
globules of metallic mercury. 

V. A plate of polished iron or steel will produce a 
phenomenon similar to the preceding, and iron-filings 
will, in due time, reduce the entire muriate. 

VI. White of egg will be coagulated. 

* UgerJdns be suspected to contain copper, from their unusually 
Jine green colour, cut one of them across with a knife, and suffer ^ 
the latter to remain a few minutes, — a coppery film will be left ' 
should it exist. 
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' VII. A drop t)f the liquid let fall on gold leaf, will 
^evohre metidlic mercury if connected with the gold leaf, 
by means of an arc of iron wire.* 

Note. — A drop of ammoiua let fall on cahmel immediately 
•changes it to a dark grey, almost black. 



III. — Arsenic 

In accidental poisonii^ or suicidal acts, this is gener-i 
ally ^e fatal agent employed, and purchased under 
pretence of destroying rats, &c«;f it is most uuMrise 
to vend it imder any such pretence, — and nothing can 
be more irrational than to employ it for such a purpose : 
children, servants, and other heedless persons, may get 
hold of it inadvertently. Sometimes it is thrown incau- 
tiously into a drawer or cupboard, where it lies neglected 
and forgotten, till some new domestic arrangement may 
call it forth, or may be only remembered at last, through 
the unhappy medium of its fatal effects on one of the 

* Almost all anti-syphilitic quack medicines contain corrosive 
subHmate, " Gowland's Lotion for the Skin," according to Dr. 
Paris, contains it, and the case of a lady, supposed to have fallen a 
sacrifice to its use, has been communicated to me. 

f Carbonate 0/ Baryta is now employed as a substitute for arsenic, 
but it must not be disguised that its effects are equally fatal to man, 
with this interesting diflference, that for carbonate of baryta there is 
a specific antidote, but for arsenic there is none, and eren the 
stomach pump, from its difficult solubility, is of little use. 

f3 
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inmates of ihe house. lu Norfolk, it is used as a batfa 
to steep seed com in, before sowing, to prevent blight, 
&c., though it requires a, wiser head than 1 affect to 
possess, to disco?erits efficiency. The rfrujjij/ is scarcely 
irarranted in selling arsenic to any one; and it is a sub- 
ject of astonishment to me, why it should be suffered to 
exist at all on the shelves of the apothecary, as it is of 
no use in medicine.* 

In UMng arsenic for the purpose of destroying rats, 
mice, or beetles, persons oiight to remember that these 
crcatui'es may in many ways introduce the poison into 
their own food. Besides, it has occured, that the house 
bos been rendered uninhabitable from the putrefaction 
of the accumulated numbers of rats or mice, thus de- 
stroyed. Arsenic may also be introduced into porter, 
wine, &c. by means of the shot lead, which is frequently 
though improperly employed in cleansing bottles, and 
left adhering to the bottom. I have met with a case of 
this description, where porter had nearly proved fatal lo 
an entire family; and part of a bottle of perry, from 
a similar cause, was attended with serious efTects to my- 
self: shot lead always contains arsenic; nor is it at- 
tempted to be drs^ised that wine-coopers use a com- 
position containing arsenic, to impart an oily-like surface 
to wtiiU wiwi. 

1. Add a small portion of potassa to tlie solution which 



• Arsenica] IoUdde, for exlcmal appticnlion, can be substituted 
will) advkatage by olitei prepBratiani, and Foiclrr'i Sulution ba& 
lieen haippily lupplanted by tn^hah tf ijuinint. Artenie belong) 
to the caioariatn, not the druggist. 



"be supposed to contain araeiiic, and Iheu a little 
gulphate of copper — a delicate green will be thus formed. 

ft'oW,— I do not adrert to tli 
jWting the BobatoDce on a hot 
h ijso veiyeleginL 

II. Add Ik few drops of acetic ucid, and a little 
hydro -sulph lire t of animouia, when a,golden precipitate 
yp]l be formed, appearing first as a yellow cloud. 



III. Add a few drops of i 
nitrate of silver in solution, — a yellow cloud will be 
fbrnied, and yellow films or strings, commencing at the 
point of contact, appear on touching tbe surface of the 
Kquid with a stick of lunar caustic. 



IV, Ammoniuret of copper, or ammonia- sulphate of 
iBopper* in solution, added, in like manner, will produce 
S yellowish cloud. Iodine has also been recommended as 
-a teat for arsenic. As alkaline phosphates produce effects 
Somewhat similar on solutions of silver and of copper, the 
^enumerated tests must be always considered secandaTy,and 
In a court of justice are nf subordinate weight and validity. 
The most conclusive evidence is obtained by mixing the 
'Jwwder, collected by picking out, on^.by one, the white 
particles, which may be geyerally accomplished' from its 
jdifficult solubility, such particles remaining undissolved 
among the contents of the stomach, or may be easily 



• • Easily formed b; adding a little dilute 
■•tulphile of toppci', ptiMtucing a t-ioUt liquid. 
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detected in the food thatremains : these, mixed up with 
a sntedl portion of powdered charcoal, and introduced 

into a nBrTow glass tube, being held over the flame of a. 
spirit-iamp, will soon produce in the superior part of the 
glass a beautiful ring of sparkling points of metallic 
arsenic, resembling particles of polished sieel, remain- 
ing permanently attached for many days. 

I am of opinion that a deceptive appearance may be 
occasioned by a glistening metaUie Jtlm proceeding from 
the lead, one of the constituents of glass developed at a 
considerable temperature — metallic points, surmounted 
by a band of whitish oxyde, this last being the_^r*i which 
sublimes, will determine the question unequivocally. 



k 



IV.- Lead. 

Lead is a very common source of poisoning. 7 
water which supplies our beverage, or is used in i 
mestic economy, flows into our houses through pipes 
lead, and it is prescn'ed in tanks and cisterns of the 
same poisonous metal, — milk remains in vessels of lead, 
and animal food in leaden trays — the jars*, loo, in which 
pickles and preserves are put up, are glazed with lead, 
acted on by the acid of the pickle or preserve. Mall 
is steeped in tanks lined with lead ; cyder and perry 
are also manufactured in copper vessels partially sup- 
plied with a belt of lead, — and beer and porter are drawn 
by engines through leaden pipes of considerable extent 



• Those called Bmtei » 



K wfe, the glasiDg bring witfaoat 
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in public houses : brass cocks are used in the casks of 
the dram shop or the tavern. Balls of lead are also sus- 
pei^ed in wine-casks to correct the acetous change by 
uniting with the acid as it forms ; and when wines have 
already become acid, litharge, an oxyde of lead, is added, 
to neutralize the acid, and '* sweeten" such wines. Vine- 
gar, as it is commonly sold, is not only adulterated 
with *'oil of vitriol,** but contains lead (sometimes 
copper); annotto, for colouring cheese, is sometimes 
adulterated with red lead. " Sugar of lead" is not un- 
irequently ttsed in France in the case of cooking vege- 
tables, as brocoli, &c., whereas a little alkali (as salt of 
tartar) would do equally well. Confectionery is very 
frequently dyed with poisonous materials — muriate of 
lead, per-sulphuret of mercury, sulphate of copper, &c.; 
children s toys are painted with metallic poisons. The 
effects of lead are most injurious, and to an extent which 
it is difficult to estimate. A great proportion of the 
diseases incident to humanity spring from this source, 
and terminate in paralysis and apoplexy : in reference 
to the delicate and susceptible constitution of the young, 
the question is a very serious one« 

The circumstances under which we have occasionally 
detected lead have quite surprised us, as in the case of 
water simply flowing through a leaden pump. The 
chemical character of the water as to its constituents, 
will determine its greater or less energy of action on the 
surface of the lead with which it is in contact. 

I. Hydro-sulphnret of ammonia will produce a dark 
brown precipitate if the solution contain lead, and ^ 



siiailBT phenomenon will ensue by paenng a t 

of sulphuretted hydrogene through the liquid — easily 
effected by introducing a portion of the sulphurei 
of iron in powder, into a small retort with murtatic 
acid — the beak of the retort is then plunged into the 
liquid, and the flame of a. common candle will cause an 
evolnliou of the gus, which, in its transit, blackens it. 

II. Chromate o/potoMa will produce a beautiful aiid 
bright yellow. 

III. Uydriodate of potassa will form also a precipitate 
ot a lighter shade of yellow. 

IV. A cylinder of zinc will produce an .irborisation of 
metallic lead. 



It is altogether impracticable to enter on the lainutite 
of detail in reference to poisons, in their various fixcBW 
and phenomena; wc shall however just glance at Ibtt 
tests for Oxalic Acid, Prussic Acid, and Opium. 

I. Oxalic Acid. The crystals of this acid, which have 
been mistaken for tliose of " Epsom Salts," are of a 
powerful acid character, so much ao that in one case 
suspicion was excited, and life Jn all probability saved. 
from a drop of the solution having made a hole in a fine 
cambric handkerchief by providentially falling on it. 
A blot of writing ink will be obliterated by osalic acid. 
Litmus paper will be instantly reddened, and even the 
purple paper, the envelope of the sugar loaf. If a 
rr/slal of oxalic acid be brought in contact with the 8ur- 



Hwe of lime-nater, or even " hard water," conteined in 

I n> wine glass, white threads will instantly descend through 
I Ibe liquid, proceeding from the crystal as their point cf 
I wspension. 

I _ II. Prussia Acid. The smell being that of bitter 
I ulmiOJids, is easily recc^ized. The sulistance in which 
I it is suspected may be tested with a small portion of 
F pure potassa in solution, when a drop of sulphate of iron 

will become blue, and that of sulphate of copper brovm. 

Crystals of these sulphates may be employed instead of 

their solutions — a method that I have adopted with 

advantage. 

' III. Opium. I know of no better test than a little 
aolation of caustic potassa, followed by nitro-muriate of 
gold, when it assumes a black hue, if opium be present. 
I prefer this decidedly to permuriate of iron, which is 
somewhat equivocal, as the sulpho-cyanate of the saliva 

■ produces a similar indication of red. 

It will be an elegant employment of each test to use 
I Blips of card paper, dipped previously into the respective 
L re-agenta, as of chromate of potassa, and dried — when 
I tlieir partial introduction into the liquid under exomina- 
f &n, will easily discover the suspected metal. Sec. Of 
course, those of a volatile character cannot be so applied. 
These slips might be preserved in a little case or rouleau, 
and thus be made extremely portable. In many in- 
stances the teals in the form of piirc crystals may be 
L^lftplied, and become more sensible indexes than when in 
lulution. 
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Nale. — ^The suljijectof poisons is treated of at length in my work 
on '* The History amd Phenomena of Poisons, with tkeir 
Tests and Antidotes," where ample directions are given, and specific 
details will be found ; many of the research^ being entirely new. 



MINERAL WATERS AND THEIR CONTENTS. 

The substances found in mineral waters are yarious ; 
those usually discovered are^ 
Carbonic acid gas. 
Azote, 
Oxygene, 

Sulphuretted hydrogene. 
Sulphate of soda. 
Sulphate of magnesia. 
Sulphate of lime. 
Muriate of soda. 
Muriate of lime. 
Muriate of magnesia. 
Carbonate of iron. 
Carbonate of lime. 
Carbonate of magnesia. 

To the preceding list may be added iodine, alumina, 
boracic acid, sub -borate of soda, silica, muriate of am- 
monia, muriate of potassa, sulphate of iron, &c. But 
these are more rare. 
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1. — Carbonic Acid. 

Carbonic acid may be detected by paper stained by 
raddisb^ hyacinth^ iris, violet, cabbage, &c. (the first in 
order is remarkably delicate), when these test papers 
will be reddened, before the water is boiled, but not after- 
wards. Lime-water wiH also become turbid or milky. 
Carbonated waters sparkle, particularly on the addition 
of a few drops of acid. When a solution of baryta in 
water is added, it is precipitated — and should this pre- 
cipitate be occasioned by carbonic add, it will be dis- 
solved with effervescence by muriatic acid ; whereas if a 
sulphate has occasioned the precipitation, it will be found 
insoluble in muriatic acid. 



II. — Sulphuretted hydrogene. 

The waters which contain this gas are vulgarly called 
sulphurous waters. The smell is extremely fcetid :. a 
few drops of nitric acid> as well as iodine, 'deposits sul- 
phur, and a stream of chlorine produces a similar effect. 
A slip of polished silver is blackened, and a bit of paper 
dipped into a solution of acetate of lead, nitrate of silver, 
or pemitrate of bismuth becomes dark brovm. 



III. — Sulphates. 

It may be remained of sulphaies generally, that so- 
lution of nitrate of bar3rta, or of muriate or acetate of 
baryta, will form a white precipitate, insoluble in nitric 
acid. 



De[>ontions of sulphate of lime are occasionally (bund 

on ihe inner surface of boilers ; they do iiot eferveice 
on the contat-t of muriatic acid, which is the case with 
depoaitea of carbonate of lime, ajid are thus easily dis- 
tinguished. 



IV. — Mttriates. 



Soliitioiis of acetate, nitrate, or sulphate of silver, will 
detect the presence of muriales, aa those of magnesia 
and soda. 1 have detected muriate of ammonia in sea 
salt, by mixing it with quick lime, and submitting the 
mixture contained in a retort to heat ; the beak of the 
retort being then immersed iu dilute solution of sulphate 
of copper, has discovered, by a violet streak, the evolu- 
tion of ammonia. I have also detected the presence of 
miiriate o/amnumia iu the Cheltenham and Gloucester 
mineral waters ; and Dr. Wollaston has found muriate of 



potasM 



a rock salt. 



V. — Carbonates. 



i 



The carbonates of lime, &c. being held in suspension 
by a slight excess of carbonic acid gas, will, oa the 
water being boiled, be precipitated, and this precipitate 
will dissolve with effervescence on adding a few drops of 
Kim'jiitic acid. A crust forms on iea*kcllles and boilers 
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from tbis cause,* as Ihe carbonate of lime is precijiitated, 
becomiug insoluble from tbe expulsion of a part of its 
carbonic a^id by the agency of heat This phenomenon 
is very striking in the "petrifying springs/' as they are 
called, at Matlock, in Derbyshire ; a portion of the car- 
bonic acid on emerging into the free atmosphere escapes, 
and the subcarbonate of lime being insoluble, is pre- 
cipitated on varioua substances, exhibiting curious in- 
crustations, as on birds' nests, branches of fir, &c. ; a 
lumilar phenomenon is exhibited in the baths of Saa 
Fillipo, near Acquapendente, in Italy, where the cal- 
careous dcpnsitc being received into moulds, forms 
beautiful casts. Should the carbonate of lime thus pre- 
cipitated have an ochry appearance, it may be occasioned 
by iron, and in that cose, a little f; rro-cyanate of potassa 
will occasion a blue colour. 



V].—!ron. 



Iron may be detected in mineral waters by ferro- 
cyanate of potassa, or ferro-cyanate of ammonia, forming 
a Prussian blue colour, while tincture of galls will pro- 
duce black. According to Mr. Richard Phillips, if the 
iron be in the state o{ proioxt/de. the action of the tinc- 
ture of galls may be rendered more sensible by a little 
lime-water or alkali ; and, on the other hand, if the iron 
should be in the foim of a peroxyde, the lime-water, &c. 

I effect uid to be preicnted by allovio; a marble to remiun 
I : Ihu): Ion, in Etram- bailors, fi^reign Bubstunces arc retajoed 
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would prevent the action of the tincture of galls : by 
these means, should this be found correct, we shall be 
able to determine with &cility whether the ircm dissolved 
be in the state of peroxyde or protoxyde, A slice of 
gall-nut, suspended by a thread, will discover a dark 
cloud enveloping the gall-nut as its nucleus, after an 
interval of some hours. Benzoate and succinate of am- 
monia have been also mentioned as tests of iron, but I 
have never been able to discover on what principle they 
have been recommended — they are certainly ^ inferior 
to the others ; and prussiate of potassa, and tincture of 
galls, are sufficiently sensible. 



VII. — Lime, 

Oxalate of ammonia in solution will detect the pre- 
sence of lime, and is a delicate and sensible test. It will 
form a white cloud. This test is much more valuable 
than either oxalic acid, or fluate of ammonia, both of 
which have been named as tests. Fluate of lime is de- 
composed by sulphuric acid; it is obvious that in refer- 
ence to the latter as a test, the recommendation is founded 
on error. 



VII I . — Magnesia, 

Add a little bicarbonate of ammonia in solution, and 
when the effect has subsided, a few drops of the solution 
of phosphate of soda ; these will detect magnesia. I 



113 

have found the phosphate of ammonia very sensible 
without the pre-addition of carbonate of ammonia. • Mr. 
Richard Phillips has recommended lime-water as a test 
for magnesia. 



IX. — Hard Waters. 

These generally owe their character to the presence of 
sulphate of limes hence soap curdles when used with 
hard water : the sulphuric acid of the sulphate of lime 
combining with the soda of the soap. The lime, and oil 
or tallow, heing thus freed from their respective com- 
binations, float through the liquid medium in flakes : 
the phenomenon, therefore, is entirely that of decom- 
position. On this principle, solution of soap in alcohol 
win determine the relative hardness of water, and is 
generally employed by the well-digger. 



Free acid will be detected by litmus paper becoming 
red, and free alkali by turmeric paper changing to red, 
and Brazil paper to brown. It should be obsen'ed, how- 
ever, that boracic acid reddens turmeric paper, thus pro- 
ducing an alkaline eflect, and supplying an easy mode 
of discriminating between boracic acid and the other 
acids. Super-carbonate of lime produces the same eflect 
on turmeric paper. 

Silica combined with iron, under the form of a silicate, 
wherein it seems to act the part of an acid, is fowwd m 



114 

ihe iniuei-al walent uf Lucca mid BftLb; and v 
obtains iu the Geysers of Iceland. 

The tarnishing of silver leaf and ?iolet tint with 
starch, when decomposed from the hydriodate by sul- 
phuric acid, will be found delicate tests for iodine, an 
ingredient occasionally met with in mineral waters. 

In January, 1828, I discovered iodine in the Glouces- 
ter Spa-water, also in the waters of Cheltenham, though in 
smaller proportion." The method I adopt is to evapor- 
ate the water to one-fourth its original volume, add a few 
drops of sulphuric acid, and allow a strip of white glazed 
calico to remain some hours in the solution, when it is 
finally tinged of a viokt colour, if iodine obtains in quan- 
tity; and pink if the quantity be very small. 

To ascertain the presence of ammonia, I heat the 
residual water in a long narrow tube with pure potassa, 
when a stopper, moistened with coucentraled acetic acid, 
discovers its presence. 

Potassa is discriminated from soda by nitro-muriate of 
platinum, which becomes brovirt with the former. 

The proportionals of these ingredients are ascertained 
by a refined and laborious process, which our present 
limits forbid us to describe. 



• The first dita -f iodine in the rainenil waters of EngUnd. 
fSce " Gloucester ~ma2" of that month. J It is therefore remBrk- 
able that Dr. Daubenj should have claimed this as hie disctneiy 
more than two years after its publication. The late Mr. Cuff, of 
Bath, was suhseijuenlly induced to examine the Bath Spa waters, 
and discovered iodine in them, having evaporated an immenie 
volume of nater for this purpose ; it remained in solution, for I could 
not detect a trace i>f iodine in the dry residual matter. In the biine 
springs oF locvstrie, ubich 1 uuljzed fiir Earl Talbot, the traces of 



115 

iodine and bromine were somewhat equivoca], but I find that both 
these chemical principles exist in the Sutton Spa, near Shrewsbniy. 
I was supplied with a specimen of the Caldaa da Rayhna thermal 
tprings of Portugal, by the Chevalier Mascarhenas, and found in it 
iodine and bromine in unusual quanti^. The method to be adopted 
for detecting the presence of bromine is sufGidently simple. The 
water being evaporated to a minute quantity, a stream of chlorine is 
passed through the solution, which becomes brownish yellow with 
bromine, and then being shaken in contact with rectified sulphuric 
ether, a hyacinth red tint is communicated to the supernatant ether, 
should bromine be present in the water. Starch is a test for 
bromine as well as iodine, but in the former case it assumes an 
•range tint 



NOMENCLATURE. 



OU Wamra. N™ Name,. 

Aectoiu Salts, Aoetites. 

Acid of Vitriol, PhlosiBtieated, Sulphurous Acid, 

Acid of Alum, 1 

Acid of ViCri^. . . . 
Acid, Vitriolic, ... . 

Acid of Sulphur, ) 

Acid of Nitre, PblogistioUed, Nitrous Acid. 
Acid of Nitn, DcpUogifti-1 



' S«dpkBr 



Acid of Saltpetre, 1 

Acid of Sea Sal^ \ Muriatic Acid, or Uydro-cbloric 

Acid, Monue, ...,,C Acid. 

Acid, l>ephlosi«ticM«d Sfo-) 

riae, .......> Chlorine. 

Acid, Oxjinuhatic, . > ) 

Acid, PJroligmiui AorticAdd. 

Acid, Aerial, 'V 

Acid of Cbnlii / 

Acid, Crctnceous, V Carbonic Acid Gas. - 

Acid of Ckanoal, I 

Add,Hephitic 1 

Add of Floor Spw, I FlaoricAcid. 

Acid, iipBrT7, ) 

AddoLfBoru, Bonwic Add. 

AdictAj^ltt, HallicAcid. 

-J^^"/ Sugar, I thtalieAdd. 

Acid, Sacchanue, f , 

Acid of LemoD«, Citric Acid- 
Add of Phosphorus, Phlogisti- 

cated, Phofiphonis Acid. 

Acid of Fhosphorui, Depblogis- 

ticated, Phosphoric Add. 

AddofFttt, 1 oj_ . ... 

AddumPiJgue, I S<bac.cAnd. 
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Air, DepMugiRtcs.ted "i 

Air, Empyre*!, ..( „ 

AiriviW, > OVeene. 

Air, Pure, } 

Air, Impure or Vitiated, ,,,.-f 

Air, Burnt, \ Azole, or Nitrogene. 

Air, Phlogiatiealed, J 

Air, tuBiimm&ble, Hjrdrogene. 

Air, Horine Acid Muriatic Acid Qbi. 

Air, Dephlogiiticated Harine 1 

Add, \ Cblorine. 

Air, OxymuriBtic, (Gaa) ....} 

Air, Hepatic, > Sulpliuretled Ujdiogaat, a 

Air, Foetid, of Sulphur, ,...\ Hydra-sulpburic Add 0" 

A-''^l^ m; ? Carboaic Acid Ga^. 

Air, Solid, ai Haiti ^ 

Air, Alkaline Ammoniacal Gas. 

Alkali, 'concrete Tolatile CarbooE 

Alkali, "effervescent and not caus- 
tic, aerated or mild, Carbonated Alkalia. 

Alkali, Prusditn 5 ^™'"'"= "^ '""/r "' *"■." ^'"' 

' ' I ro-cjBJiale of Potassa, to. 

Aquafortii, T^itric Acid of Commerce. 

Aquit Rugia, I^itro-muriatic Acid. 

AijuB Reginffi, Nitro-aulptauric Acid. 

Argil, or Argillaccaiis Earth,. > Alumina. 

Asb, Pearl, Carbanale of Potassa, (impure.) 

Black Lead, Percarburet of Iron. 

-„, „ . S Prussiate for bydro-cvabite) of 

Blue, Prussian, < Iron ^ ' ' ' 

„.,. \ Residual Solution of Muriate of 

"'"*" \ Magnesia. 

Barilla, (Kelp) Carbonate of Soda, (impure,) 

Boran, Sub-borate of Soda. 

Butlers of tbe MetaU, Huriatea, as of Antimony, be. 

Calces, Metallic Metallic Oiydea. 

Calomel Preta-muriate of Mercury. 

<:•»«■.'•—. \ »i«»^rs„,,,„.,.„ 

Ceruse, (White Lead), Carbonate of Lead. 

Chalk, Carbooale of Lime. 

Chareoal, Pure Carbon. 

Coloothar of Vitriol, Brown-red Oijdo of Iron. 

Copper, Aceta ted, Acetite of Copper. 

Copperas, Qmen, Sulpbak of Iron. 

Coppei'as, Blue, Sulphate of Copper. 

Copperas, Wliitc, Sulphate of Zinc. 
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Old Nam^t. Niu- Namei. 

Cianabu' Pci'sulphuret of MeKUl^'. 

Eortb, Calcanoua, Lime. 

Earth, Aliiminom, f ^, . 

Earth of Alum, S ■*"""""■ 

Earth, Magnesian or Muriatic, Magnesia. 



ic Tartar.. 



AntimDniateil Tartrite of Po- 



Kthiops, Martial, BlacV Oxyde of troii. 

Ethiopa, Mineral, Pmtu-Bulphuret of Mercury. 

Fl-m, M,Mlo, J SaUm,.d^M.«lll. 0>jd=, „ .f 

Flojien of Sulphur, Sublimed Sulphur. 

Floors, Fluates, DsofLime, &f. 

Hepan, or Sul^ures, Sulphurcts, as of Potanta, &c. 

Kennes Mineral, Uf dro-sujphuret of Antimonj. 

Lapii Infemalis, Slicha of Caustic Polassa. 

Lead, Sugar of, Peracelsleof Lead. 

litharge Vitrified Protoxide of Lead. 

Liver of Sulphur, Alkaline Sulphuret of Potawu 

Lunar Cornea, (Horn Silver)., Muriate of Silver, 
MagistTj uf Bismuth, (Pearl 

White,) Proto. nitrate of Bismuth. 

M^S^'Ae^,' !!!!!;!!? carbonate of Magnesia. 

Hassicot, Protoijdeof Lead. 

Minium, (Red Lead,| Deutoij-de of Lead. 

Mother Waters Deliquescent saline reiidue. 

Nitre, (or Saltpetre,) Nilrale of Petassa. 

Oil of Tartar, pir deliquiiun, , , Deliquescent Potasso. 

Oipitnen^ Persalphuretor Arsenic. 

Phlogiston, J ■*" .'""P""^ inflammable prin- 

Plumbago, (Block Lead,) Percaihurel of Iroti. 

Precipitate, Red, ) „ , -„ 

Preeipitate,per«, \ P«ro»y<i« "f Mercury. 

FjriteB of Copper, ,.. •■ Sulphuret of Cupper. 

Pyrites, Marti^, .,..•■ Sulphurct of Iron. 

Bnlgar, ■ Proto-sulphurct ofarsenic. 

_,,.,,, S Metallic, or pure form of Me- 

Regulua at Metals, < ^^ ' "^ 

Rtut of Copper, Green Oiydeof Copper. 

Kustof Iron, Oxyde and Carbonate of Iron. 

SalTron of Mara, Oxyde uf Iron. 

Sal- Ammoniac,. Muriate of Ammonia. 

Sal-Mirabile, Solpbale of Soda. 

Sal-Pninelle Fused Nitrate of Potassa. 

Sal-Polychrest, Sulphate of Potasaa. 

Sal-Enixum, Acid Sulphate of PotajM. 



121 

Old Names. New Names. 

Vitriol, White, Sulphate of Zinc. 

Vitriols, Sulphates. 

Vermilion, Persulphuret of Mercury. 

Water, Acidulated, J Waterimpregnated with Carbonic 

Water, Hepatic, i Su^huretted Hydrogene in Wa- 

«„/!. S Oxyde of Cobalt, and Earthy 

^^^^ ? Matter. 






123 



VOCABULARY 



OF 



TECHNICAL TERMS. 



Adopter. An intermediate tube of glass or porcelain^ 

serving to connect the retort with the receiver and 

lengthen the distance between them. 
AfFiNiTY. That influence by which bodies attract each 

other and combine. 
Albumen. Found in the serum or colourless part of 

blood. White of egg is albumen. 
Alembic. Stell. Of silver, copper, crystal, &c., for the 

distillation of alcohol, or essential oils. 
Alloy. Combination of one metal with one, two, or 

more of another. 
Amalgam. Applied exclusively to the combination of a 

metal with mercury. 
Analysis. Separation of a compound substance into the 

parts of which it is composed. 
Attraction, of aggregation or cohesion. The affinity 

of similar or homogeneous particles, by which they 

cohere, or are agglutinated together in the entire 

mass. 

G 2 
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Attraction, Chemical. The aflfinity of heterogeneous 
or dissimilar particles, in virtue of which they act 
and re -act on each other. 

Atom. The ultimate particle into which matter is sup- 
posed to be divisible. 

Annealing. That process of gradual and slow cooling, 
by which the material is enabled to resist sudden 
extremes of temperature. 

Anhydrous, without water : an anhydrous salt is pos- 
sessed of no water of crystallization. 

Base. Alkali, earth, or metal with which the acid may 
be combined. 

Calcareous. Containing lime. 
Calcination. Reduction to a caustic, &c. form, by ex- 
posure to heat ; thus, oyster-shells may be calcined. 
Caloric. Material of heat. 
Calx. A metallic oxyde. 
Caput Mortuum. The residum of charcoal, &c. left 

at the close of the process, in the retort, or crucible. 
Carbonaceous. Containing carbon or charcoal. 
Carburets. Combination with cai-bon, as carburet of 

sulphur, and carburet of iron. 
Case Hardening. Communication of a surface of steel 

by heating charcoal in contact with the surface. 
Causticity. Property of corroding or inflaming the 

skin, &c. 
Cementation. Formation of steel, by placing bars of 

iron in contact with strata of charcoal, and exposing 

them to intense heat. 



125 

Chalybeate. Impregnation with iron ; thus, a chaly- 
beate mineral water. 
Combustibles. Inflammable substances, such as are 

capable of being set on fire. 
Comminuted. Matter finely divided. 
Concentration. Density or specific gravity increased 

by evaporation, &c. 
Conduction. Property of conveying or transmitting 

heat, electricity, or magnetism. 
Crucible. A vessel of a peculiar structure in which the 

substance is placed, to sustain the 'action of fire. 

Crucibles are of different materials, as platinum, 

silver, porcelain, and plumbago. 
Crystallization. The act by which are formed the 

geometric structures of salts, &c. 
Cupel. Small cup of bone ash, or phosphate of lime, in 

which the silver for purification or assay is placed. 
Condensation. The process of changing an elastic or 

volatile product into one more dense. 
CupELATiON. Process of purifying silver by alloying it 

with lead or bismuth, and submitting it to intense 

heat, with a free current of air. 

DissiCATiON. The process of drying whether by heat ; 

or absorption of moisture by dry muriate of lime. 
Decantation. Leaving the precipitate by pouring off 

the supernatant liquid. 
Decoction. Applied to vegetable matter, &c. submitted 

for some time to the action of hot water. 
Deflagration. Vivid combustion, as that of nitre or 

G 3 
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chlorate of potassa ; or of metallic lamixue, in the 
galvanic battery. 

Deliquescence. Applied to salts. Salts become deli- 
quescent^ or moist, by absorbing water from the 
atmosphere, as muriate of lime> which melts. 

Detonation. Explosive report; thus, sulphur and 
chlorate of potassa rubbed together, in a mortar, 
detonate. 

Diaphanous. Transparent, as air, water, or crystal. 

Digestion. Slow and regular action of a solvent^ as of 
water. • 

Dissolution. Solution of a metal in an acid, as of mer- 
cury in nitric acid, identical with solution. 

Ductility. Property or capability of being drawn oiit 
into wire. 

Decomposition. Process of resolving a compound into 
its elements. 

Effervescence. Frothy disengagement of air, as that 
liberated by the action of an acid ; carbonic acid 
disengaged from limestone, by muriatic acid, affords 
an example. 

Efflorescence. Applied to saline bodies wherein the 
water of crystallization is abstracted by the atmos- 
phere. Alum and sulphate ofsoda, present examples. 

Elastic. Springy ; vapour is a temporarily elastic fluid, 
air a permanently elastic one. 

Elective Attraction. Identical with chemical 
affinity. 

Expansion. The increase of volume, as by heat. 

Ebullition. The process commonly termed boiling, by 
which the substance is changed into vapour. 
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EQUIVALENT. The relative quantity or proportion of 
any given substance necessary to combine with 
and neutralize another substance. 

Eudiometer. An instrument for determining the 
purity of airs, particularly that of th^ atmosphere, 
by a medium absorbing oxygene, as nitrous gas, or 
green sulphate of iron, impregnated with it. 

Evaporation. Disengagement of the volatile matter or 
vapour, liquids being thus generally vaporised by 
heat In this process, heat being abstracted, evapo- 
ration becomes a source of cold. 

Filtration. Passing the solution through a strainer, 
as bibulous or blotting (unsized) paper, by which 
the insoluble matter is retained. 

Fixity. Property by which a great heat is resisted 
unchanged, as in the case of gold or platinum. 

Flux.^ a substance which aids the fusion of ores, &c. 
as borcuc, and nitre. 

Fulmination. Explosive report or noise, as when ful- 
minating mercury is struck on an anvil. 

Fusion. Melting down, by the agency of heat: sugar, 
potassa, lead, &c. fuse or melt by heat. 

• 

Granulation. A process by which metals are reduced 

into minute forms. 
Gas. A permanently elastic air, as oxygene. 

* mUie flux is composed of equal parts of nitre and subcarbonate 
of potassa, deflagrated in a crucible. Black flux consists of one 
part of nitre, and two parts of crude tartar, prepared in the same 
way. 

g6 
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Gravity. Weight. Specific gravity, difference of weight, 
the hulk^ or volume^ heing the same. 

Hepars. Combinations of sulphur, called also livers, 

as sulphuret of potassa. 
Hepatic Gas. Sulphuretted hydrogene, a gaseous 

combination of sulphur and hydrogene. 
Hydrates. MetaUic oxydes combined with a definite 

quantity of water; thus, hydrate of copper. 
Hyhro-gurretted Sulphurets. Sulphurets, which 

by acting on water, decompose it, and are thus 

transmuted. 

Infusion. The extract obtained by the action of hot 
water, simply poured on the substance. 

Integrant. The proximate particle which may be 
separated by mechanical division. 

Lutes. Plastic and cohesive materials employed to 

conjoin chemical apparatus. 
LAMiNiE. Fine plates, or leaves, as those of gold, silver, 

and copper. 
Levigation. Reducing to a fine powder, on a marble 

slab, &c. 
LixiviATiON. The process of separating, by water and 

the filter, soluble from insoluble substances. 

Maceration. Extraction of the virtues of any solid, 
by the continued action of cold or warm water. 

Malleabiuty. Property of being rolled up into plates, 
or beaten into leaves or folia. 

Mineral. A metal in combination with sulphur or 
arsenic, &c. 
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Muffle. A case to receive the cupel, made of fire-clay, 

it protects the cupel from the ashes, yet allows the 

heated air to act on the alloy. 
Molecule. A term applied to the ultimate nucleus, 

as that of a crystal. 

Neutralization. This term is applied to the recipro- 
cal balance of acid and base. 

Opacity. Without transparency, as a metal. 
OxYDE. Combination of a metal with oxygene (not 
acid), as protoxyde of iron, deutoxyde of lead, &c. 

Parting. Process of separating silver from platinum or 
gold, by the action of nitric acid. It is also called 
quartation. 

Precipitate. The insoluble portion thrown down by 
the test, or re-agent. 

Kadical. Identical with element. 

Re-agents, or Tests. Applied to discover, in virtue of 

their superior and powerful affinities, the composi- 
tion of bodies, as of mineral waters. 
Receiver, or Recipient. That which serves to collect 

the liquid product distilled over. 
Rectification. Increasing the strength of spirit, &c. 

by a second or third distillation. * 

Reduction. Revival or recovery of metals from their 

oxydes, &c., as of oxyde of lead by charcoal heated 

in contact with it. 
Refrigeration. The process of cooling, as by the 

employment of freezing mixtures. 
Reguline. In the metallic form. 
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Retort. A vessel of a peculiar form, which holds the 
subject of experiment, and is to afford the gaseous 
or other product : it is usually blown with an ellip- 
tical ball, extended by a curved tube, and is of 
crystal or porcelain. 

Saline. Having the properties of a salt. 
Saturation. A fluid is said to be saturated when it 

can dissolve no more of the material, as of sulphate 

of soda. 
Semi-metal. Formerly, though improperly, applied 

to a brittle, and easily vaporised metal, as antimony, 

arsenic, &c. 
SiLicious. A substance of which silica forms, a con- 
siderable part. 
Solution. Salts, &c. dissolved in a liquid medium, ^ 

hence called the solvent. 
Sublimation. Volatilization of a substance by heat, 

and subsequent condensation; thus arsenic, sulphur, 

and iodine. 
Synthesis. The re-union or composition of a substance 

from its constituents, as of sulphate of lead by the 

combination of sulphuric acid and lead ; opposed to 

analvsis. 

Tincture. Obtained by dissolving the substance in 

alcohol. 
Trituration. Applied to the process of reduction to 

the state of a fine powder, as in the mortar. 

Vitrification. When the substance assumes some- " 
what of a glassy consistency ; thus, resin is said to 
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break with a vitreims fracture^ and litharge is a 
semi-vitreous form of protoxyde of lead. 
Volatility. Tendency to the gaseous state^ or form 
of vapour. 

Welding. Property of being united under the hammer 
when ignited, from growing soft before fusion; thus> 
bars of iron, or of platinum, may be united. 

Zero. Marked o, being 32° below the ''freezing point" 
on the scale of Fahrenheit. 
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LIST OF TESTS OR RE-AGENTS 



REQUIRED IN 



CHEMICAL ANALYSIS. 



Sulphuric Acid. Specific gravity 1*25. 

Nitric Acid. Specific gravity 1*45. 

Muriatic Acid. Specific gravity, 1*12. 

Potassa> in Solution. 

Liquid Ammonia. 

Acetic Acid. 

Lime-water. 

Alcohol, say specific gravity -812. 

Sulphuric Ether. 

Solution of Carbonate of Ammonia. 

Carbonate of Potassa. 

Oxalate of Ammonia. 

Nitrate of Baryta. 

Phosphate of Soda. 

Subacetate of Lead. 

Chromate of Potassa. 

Sulphate of Copper. 

Persulphate of Iron. 

Tincture of Galls. 
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Tincture of Litmus. 

Turmeric. 

Brazil. 

Cabbage. 

Iodine. 

Soap. 

Logwood. 

Syni^ of Violets. 
Solution of Starch. 

Isinglass. 

Nitrate of Silves. 

Nitrate of Mercury. 

Nitrate of Lead. 

Nitro-muriate of Tin. 

Ferro-cytmate of Potassa. 

Muriate of Ammonia. , 

Sulpburet of Ammonia. 

Hydriodate of Potassa. I 

Pure Baryta. 

Silicated Potassa. 

Sulphate of Ammonia. 

Nitro-muriate of Ratinum. 

Gold. 

Test Papers — Litmus^ Turmeric^ and Brazil. 
Phosphorus. 
Black Flux. 
White Flux. 

Metallic Rods, of Iron> Copper^ Zinc^ Tin, and Lead. 
Distilled Water. 
The preceding catalogue comprises the most essential ^ 
tests required in chemical analysis— of some of these 
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six or eight ounces ina.y he required, and uf the rest w 
one to three ounces. The sulphuric, nitric, 
acids, together with polassa, ammonia, alcohol, and ether, 
should have glass caps, adapted to the phials by grinding, 
to secure the stoppers. The phial containing phosphorus 
in water, should be kept in a tiu case. The other phials 
should be accurately closed with glass stoppers, pai'ijcu- 
larly those containing tincture of iodine, nitrate uf silver, 
hydro-aulphuret of ammonia, acetic acid, nitro-muriate of 
platinum, and niCrorouriaie of gold, being volatile and cor- 
rosive. Several of the tests recommended by some authors 
may be dispensed with : ferro-cyanate of potassa, for 
instance, may do instead ,of ferro-cyanate of ammonia. 
Oxalate of ammonia is a much belter test than oxalic acid 
simply, for the presence of lime: fiuate ofammoniaisofno 
value. In like manner, nitrate of baryta appears a more 
accurate lest than acetate or muriate of baryta ; and the 
nitrate of silver renders superfluous the acetato and 
sulphate of silver. The teat papers may entirely sub- 
stitute the tinctures of litmus, turmeric, and Brazil. 
The black aud w"hite flux, being deliquetcent, must be 
preserved in phials. Tests under the form of crystalt 
are not merely portable and convenient, but, if I mistake 
not, are far more sensibh and delicate than re-agents in 
solution. I 



Ligl of Chemical apparatus Requuitt. 



iich may be done : 
«atch -glasses, wine 



1 chemical manipulatioi 
glasses, and tumbleia, FI'^^'ob 
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flasks, &c. For more extensive and refined research, 
the following may he deemed necessary ; though a few 
of them will usually suffice. It is to he regretted that 
writers on practical chemistry have, hy exhihiting an 
extensive and complicated apparatus, injured the cause 
of science, and puzzled and perplexed the pupil in his 
outset by an adventitious show, that '* leads to Ifewilder, 
and dazzles to blind/' Many interesting and import- 
ant chemical facts and phenomena may be exhibited 
by an apparatus that would cost only a comparative 
trifle. The most beautiful and sublime discoveries in 
physical science were accomplished with instruments of 
little intrinsic value. Newto»and Franklin may be ap- 
pealed to,* and the richest discoveries of modern chem- 
istry, prior to those of Sir Humphry Davy, were effected 
by means of simple apparatus : Scheele and Priestley 
are practical examples ; and Tennant and Wollaston 
were not more eminent for the depth and originality of 
their investigations, than the extreme simplicity of their 
apparatus. 



Small Brass Stand, with rings. 
Spirit Lamp. 

Pneumatic Troughs, two sizes. 
Small Cast-iron Mercurial Trough. 

♦ M. Biot, in adverting to the experiment made by Dr. Franklin 
with the kite, very happily observes, " Depuis les belles experiences 
de Newton sur les couleurs develloppees par les buUes d*eau savon- 
neuse, ce fut la seconde fois que les jeux d'enfans devinrent pour la 
physique les instnimens des plus belles decouvertes." — Traite de 
Physique, Tome 1. p. 6\%, 
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Glass and Porcelain Capsules, and evaporating Dishes, 
of sizes. — ^Wedgewood's porcelain is best calculated 
for chemical purposes. 

A Copper Basin, to contain sand for a sand-bath. 

Platinum Spoon. 

Platinum disc (foil). 

Steel Forceps, with Platinum tips. 

Glass Rods, for Stirring Liquids. 

Graduated Tube, (cubic inch.) 

WoDaston's Dropping Phial. 

A Tube, with Bulb, for transferring small portions of 
Liquid-— one end is drawn out very fine. 

Deflagrating Jars with wide mouths, (from one inch to 
two inches in diameter,) and accurately closed with 
ground -glass stoppers, of sizes, from two inches to four 
inches diameter in the cylinder, and from four to 
eight inches high. 

Deflagrating Spoons, from half an inch to an inch diameter. 

Cylindrical Vessels, for Precipitations, Gases, &c. of 
various diameters, ground at the bottom and on the lip 
above, from one inch diameter to three inches : some 
of them particularly strong. 

Circular pieces of plate glass,, of various diameters, for 
covers. 

A support for holding watch-glasses over the spirit-lamp. 

A support for holding Test Tubes over the lamp. 

Test Tubes. 

Test Tubes, or Glasses, with a foot to stand securely. 

Gas Bottle, with curved tube, (Sigmoid's.) 

Retorts, of various sizes, of glass, some tubulated, from 
one to eight ounces capacity. 



f.ty. 



Receivers, two or three sizes, of gkua, two of them 

quilted and tubulated. 
Fuimels of sizes, glass and porcelain, one or two of these 

with long stems. 
A. Welter's Tube o 
Glass Graduated B 
Anvil and Hsiamer. ^| 

Filleiing Paper. ^^M 

Scale of Chemical Equivalents.* ^H 

Thennometers, mercurial and alcoholic^ 
Blow-pipe. (That of Wollaaton or Black.) 
Teat Phial, with a ground-glass cap, and elongated 

stopper reaching to tlie bottom of the phial. 
Bolt Head, small. 
Small Glass Alembic. 
Bell Glass, nith stopcocks, feiTules, &c., foe the transfer 

of Gases. 
Dutch Tiles, smalt. 

Glass and Wedgewood Mortars, small. 
Long Tabes, some heimelicalty se&led at one end, others 



There are others necessary to make a laboratory com- 
plete, and for the higher and more complicated and 
refined manipulations; such as, 

Newman's Mercurial Trough, and its apjiendages. 

Fontana's Detonating Eudiometer. 

Woutf's Apparatus, with Welter's Safety Tubes. 

of WDllaslon's 9fali? i) recommeniled u 
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Graduated Bell Glass^ with stopcocks and Globe. 

Flask for exhaustion^ to weigh Gases. 

Silver Alembic. 

Platinum and Silver Crucibles. 

Crucibles of Porcelain^ Black Lead> &c. 

Muffle and Cupel. 

Knight's Black's Fiumace. 

WoUaston's Reflecting Goniometer. 

Reflectors for Radiation of Caloric^ and stands. 

Separatory Fimnel. 

Italian Recipient. 

Sir Humphry Davy's Apparatus for Analysis of Soils. 

Davy's Pocket Eudiometer. 

Hope's or Pepy's Eudiometer. 

A delicate Balance to turn with 1 -100th of a grain. 

Note,^-~Eitchie*s Balance is at once single and accurtUe,* 

Diflerential Thermometer. 

Air Thermometer. 

Silver Capsule. 

Specific Gravity Bottle, with counterpoise. 

Argand's Lamp. 

Electro-magnetic Apparatus. 

Galvanic Batteries and their attachments. 

Thermo-electric Apparatus. 

Cubic Inch for Distilled Water, with counterpoise. 

Compound Gas Blow-pipe. 

* Captain Kater, some years ago, proposed a delicate and accurate 
balance. Its price, unadjusted, was £4., and when adjusted, £6. — 
See Brande^s Journal, 
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An Air Pump, with auxiliary Apparatus. 

Gas-holder (Pepy's Improved.) 

An Electrical Machine, and Leyden Jar. 

Note. — For philosophical and chemical instruments and appaju- 
tus, I can safely and conscientiously recommend Mr. Banks, Bond- 
Street ; Mr. Carey, Strand ; Mr. Newman, Regent- Sti-eet ; Messrs. 
Watkins and Hill, Charing Cross^ and Mr. Tarbotton, Briggate, 
Leeds. 



A 



fBESCRIPTIVE LIST OF SOME PARTICULAR 
APPARATUS. 



As the following apparatus are among the more essen- 
tial parts of the usual processes of chemical manipula- 
tion, it has been deemed advisable to annex figures, 
I i^resendng the form and arrangement I have found 
experimental researches. 




th a ball branching from it. When 
F this globe, containing sulphuric ether, dips into the 
I Tessel, supplied with water at a lemperatnre exceeding 
^100 F., the «ther assumes the elastic fonn, and impels 
Jjfdouble beaded piston to the furtlicr extremity of the 
Diizontnl cylinder connected with ii, which, as the 
^linder is equipoised when the piston is central, (being 
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auapended like the balance on a folcruni) will then p 
ponderal* in that direction. This elevation of the 
branching ball, also charged with elhcriol vapour, serves 
lo raise a plug, irom whence a small stream of cold 
water descends, and, condensing the vapour, the piston 
is impelled in the coniTary direction, and depresses the 
globe into the hot water, which speedily converts the 
ether again into an elastic fonn — checks, in the horizon- 
tal cylinder, regulate the movements of the piston, which, 
being thus driven backwards and forwards, serves to 
elevate and depress the balance. The etherial vapour, 
and the re-aetion of the atmosphere on the condensation 
of the former, being the efficient cause in these move- 



*II. The present figure represents my invention 
explanatory of the views I entertain of the phec 
of the Geysers, or boiling springs of 
Iceland, wherein the problem 
their intermissitm, notwithstanding 
the uniformity of the subterranen 
heat with which they may be sup- ' 
posed connected, is aaUsfactorily 
solved. A metallic cylinder, tern 
ating at the top in a basin, is sup- 
plied with water through a central 
pipe, a plug permitting the previ- 
ously contained air to escape : as 
soon as the water boils within the ^ 
cylinder, steam is disengaged, and filling the space 
between the surface of the water and dome of the cylin- 




, finally e 






\ 
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impels, by its elasticity, the water through 
central pipe, which issues in tlie form of a jet, and 
! again into the baain ; where, being cooled down by 
contact of atmospheric air, it serves to condense the 
^ascic steam within the cylinder, when the basin is 
-Speedily emptied of its contents,— the water rushing 
back again into the pipe, from whence it again issues, 
.tfter ashort interral, from the orifice of the pipe. The 
ibme of the spirit-lamp placed beneath the cylinder con- 
tinues uniform, notwithstanding these intermissions. 
The silicioua pipe, connected with the baain in the 
Geysers of Iceland, ia clearly ascertainod ; and if we only 
Mppose the silicious and atallaciitic pipe to be con- 
tracted towards its lower orifice, ihe experiment made 
by Dr. Henderson, of accelerating the period of ils flow, 
il)y coating stones into (he central pipe, is easily imder- 
ilood, because the entire steam, which might otherwise 
partially escapie, will be sooner raised to its maximum 
pressure, at least whsl is more than necessary to over- 
come the resisting atmosphere, and raise that majestic 
column of water, which often ascends from its crater, 
and forms so imposing a spectacle to the observer.* 




*' lit. This figure illustrates an arrangement 1 have 
constructed, for the purpose of shewing the relative 
conducting properties of the metals in reference to 



• These two icvcntions arc incorporatetl here as aflbrdiDg pleM- 
ing applicatinns of cbemical principles. The one being ibe practical 
elutxidaljon of an elastii: vapour applied 1u 

chinery; in tbe other the etssticit; of steam is introduced in illus- 
tration oF a remarkable naCural pheaonH 
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■ 


calorie. Tlie metals em- / ^ 




ployed are silver, copper, / 


T^M 


and iron ; and these rods, ^^ jT 




passing through the seg- /^m^ 


^^^^ 


ment of an arc, of wood, are j./V'S^C' 




united in a point in one f^"'^ J 


<^ 


direction, which is intro- Jf i 


?IV 


duced, as represented, into ^_^ 


^1 


Lilt: iiuuit; ifj a aj>iiii-iauT^. w^i^e^M^^g^^^^^w 

The rods diverge in the contraiy direction. 


and each 


extremity carries a minute portion of amadou 


or Ger- 


man tinder, which, being moiatened with a drop of the 


solution of phosphorus iu sulphuret of carbon 


, will, by 


their relative priority of ignition, announce their com- 


parative relations as conductors of caloric. 


^^ 


IV, A brass cylinder attached to /* 


^ ^ 


its handle, with a mould that I 


S 


it exactly fits in its diameter ; U 


^ 


also longitudinally, when at 




the common temperature of 




the atmosphere; but when 






heated, it is by reason of its rk-f 


n 


expansion no longer suscepti- 


1 


ble of entering the notch in tho mould o 


r the cii- 


cular opening of the gauge. 






Cryophoroua, "^ Cj 


^ 


fi-ost bearer, for ^^ 


V_/ 


shewing the process of freezing at a distance. 


he wate r 


being contained in the spherical ball, passes 


into the 
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state of ice, as soon as the other ball, terminating in a 
f point, is plunged into a vessel containing a freezing 
mixture. 



VI. An apparatus for shewing the diminu- 
tion of volume which takes place in the mix- 
ture of sulphuric acid and water ; the stem and 
lower ball l^ing fiUed with sulphuric acid, the 
uiper ball is supplied with cold water to over- 
flow, and the stopper being replaced, the in- 
strument is reversed, when the acid and water 
being mixed together, a considerable increase 
of temperature ensues, and the empty space, in 
the superior part of the stem, indicates the 
diminution of volume. 




VII. The gas bottle with 
Sigmoids tube, for the dil»- 
engagement of hydrogene and 
carbonic acid gas, from the 
materials employed in their 
pn^duction. 




KJ 



146 




VIII. A narrow cylinder, supplied 
with two lateral stop cocks, which I . 

employ in a great variety of experi- ^ 
ments, such as carhonic acid gas, the 
vaipour of sulphuric ether, &c. 



<J 



IX. A bell glass, with a globe con- 
joined, by means of a stop-cock connect- 
ing them, a necessary adjunct to the 
pneumatic cistern, for the transfer of 
gases. 
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X. A deflagrating jar with brass 
cap, the deflagrating spoon passing 
through a collar of leathers: the 
mouth of the jar should be wide and 
lipped; and the edge of the jar be- 
low without a " welt/' 




XI. A test glass> with foot to stand 
secwely, and a lip, convenient to pour off 
its contents^ in the case of a precipitate 
being formed. It is wide at the top to 
receive a small filter. 





h2 
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XII. Hc^s Eudiometer. The lower part 
is fiUed irith a solutioii of green sulphate of 
iron, impregnated with nitrous gas, the gra- 
duated tube, of course, filled with atmospheric 
air, is then inserted into the neck of the appa- 
ratus, which being shaken, the oxjgene of the 
imprisoned atmosphere will be absorbed, and 
when the stopper is opened under water, the 
finid will rise in the gradnated stem, and indi- 
cate an absorption to the amount of 21 per [ 
cent In Mr. Pepy's Eudiometer the lower part L 
of the apparatus is of caoutchouc, and the pressure of 
the external atmosphere will then shew, by the ascent of 
the liquid, the amount of absorption. 

XIII. Exhibits a retort aland and rings. On the one 
side is an eraporating dish, and in the ring below a 




funnel, with a lipped cylinder, convenient for filtration ; 
on Uie other side is a stoppered retort, the beak of which 
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enters a quilled receiver, the quill passing into a gra- 
duated measure ; tlie receiver is surmounted by a tube 
of safety, containing a small portion of mercury, which 
will rise and ftill on the principle of the barometer, and 
thus compensate for any sudden extrication of elastic 
vapour, or its sudden absorption. 

s 

XIV. A brass stand with ^ 

rings. On the one side is 
attached a reflector for expe- 
riments on the radiation of 
caloric ; and on the other 
an alembic, the beak of which 
is extended, so that the pro- 
duct of distillation may flow 
into the deep lipped glass 



arrange 



3 receive jt. 
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gation.wbicb he has chosen. " — Monthly RnHew, September 1. 

" Mr. Murray, in his recently-published work on Consumptjon, 
4ai deserved the gratitude of hjs cauntFynien. He has examioed 
the disease nud its remudies ebemiually, and appears to us to have 
taken new and original views of both. His work is, moreover, full 
of very inlerrating and curious facts, of a nature to escape tbe un- 
scientific obBBn'eiv" — The Sfeclaior, Feb. 18. 

— "^ome practical illustrations conclude this interesling volune^ 
which certainly does credit to tbe heart as well as to the ingenuity 
and science o! the writer. He lion shewn much originality in the 
views it developes, both of the malady and its remedy ; and tbrown 
together in his own peculiar style, a fund of cuiious information and 
important facts, that will amply repay the scientific enquirer; while 
the unlearned render will find much to interest biSn," — Fivitdt' 
lUagaxiat, November 1, 1831. 

"Our enei'getic and inventive friend, Mc Murray, the chemiM 
and philanthropist, has published an enlai'ged eUition of his work 
on the rare a/puhnoHarg connmptioH, by means of chlorine, and 
tbe vapour of nitrous acid. Independent of the imporlance of the 
work, for its discoTeries relative to this dreadful disease— a far worse 
plague than the cholera, the book is well worth the i 



general reader, for Ui 






'."—Sptclutor, Dec. 17, 1 



in iDwy salgMla 




" Mr. Uuriaj'E Dcn melhod of treating pulmonar}' a. 
I dtfsciTea the attentive considera-lioi] of all medical men 
I liben it is sdniitted that a diEcaa; baffles the utmost medieil skill, 
['•fairlnal shoiild be allowed to an;^ □oielt; rounded on rational and 
[ MJentiflo principles. At all events, Mr. Harray is entitled to great 
I yrnisefor tbe oandid manner tn which he )ias published his opinions, 
' if the chloi-ate of potassa and chlorine and nitrons acid gns, 
M author believes, the discovety will be a 
le."— JMHKEum, 24th Deo. 1831. 

" A ver/ sensible, useful, and judicious treatise nn a formidable 
Dialadj, which destroys so lar^ a proportion of our population in 
the Spring and May time of life. The author evidently under- 
stands his subject. T^iis volume is well worth close perasal, not 
only by medical practitioners, but by all who have a tendency to 

ftil hints, and to obtain for the writer the praise of laboaring jeal- 
ously in the cause of humanity. The faculty cannot biit highly 
^precialc Mr. Monday's vo\ume."—Mftrap<iliOm, Feb. 1, 1832. 

Lonal, and scientific. This volume displays 
eensiderable research, and abounds with enlightened obKiva- 
— Imperial Mug. Marcb 1833. 



II. 
A GLANCE AT SOME 



THE BEAUTIES AND SUBLIMITIES 



SWITZERLAND. 

h ejcuriive Remaria on llu various objecli o/inlerest prfttnttd 

daring a Tour Ikrow/h Us Picturegqnt Scneri/. 
This is a deligbtrut little volume, which none will repent having 
, purchased." — ISagaiiiic of Natural Hialori/. 

' A Glance at Switzerland' ib really deserving the notii.'e of a 
traveller in that country. We can recommend it as conlalniDg a, 
meat deal of information and pleasant description" Mualh/u 

AntiKD.jDly, 18S». 

" Mr. Murray is entitled to take an hononrahle place amon;; the 
t ideotiflo travellers of the day."— ErfinSurai Literary Juiiriinl, 
April 35. 



"This 



avqilcd 



is Ihe production of a ECQllemttn whose scieotifio st- 
ar the firat order, and witb an UDprettJoding title, it 
Is a most amusing volume, contamiag a. great varietj of informatioo 
and blendin;; pleasing descripdon nilh philosophic observation." — 
Hircf>rd Journal, April 12. 

" A little Pocket Volume under this title prcJeot* to the rcaifer 
so copious and faithful a description of the public eslnblishnnenCi, 
habits, manners, pursuits and occupations of the inhabitants of 
this romantic region, together with such details of the aspect of tli» 
country in the several cantons, the stale of religion and political 
feelinm', the prices of Ihe various products and comoiodities, itc. jtc. 
U scarcely In leave room for a single enqiiirr. There is moreover 
a bonhonmie, a kind beartcdness about the style of the nairadve 
that seems to transport the reader to Ihe very scenes of ArcadiaA^ 
timptitily and hospitality, or rather to make him a compamop in 
the tour. Moliere used to judge of the wit and enlertainmedtjif 
his comedies by making his old maid servant read them at nint^ 
by the fire side, and if she yawned at all, he consiitered it tan£ 
moont to a general hiss from the critics in the pit. \ 
applied the same lest to ourselves in the perusal of th 
pronounce it to be gay, lively, and cheerful reading- 
lidoti to drowsiness," fcc— i?n(A Herald, May 31. 

HI. 
REMARKS ON THE DISEASE 



HYDROPHOBIA : 

PROPHYLACTIC AND CURATIVE. 

" Mr. Murray ("who always recommends bimseirto - — -^^^ 

by his skill in the valuable art of condensation,) has furnished w 
with a great deal of what may he called the Literature of Uydro- 
pliobia." — Moathlg Rivietn, Jiilg 1. 



" We hail with pleasure the excellent little volume of Mr. Murray,' 
an able Chemist, on this subject. We think his opinions of tbt- 
nature of the disorder are worthy of great-attentiaii, and i 

chemical plans of cure deserve an extensive trial." Jl 

Gaiellfaf Health, July 1. 



IV. 

A TREATISE 

ON ATMOSPHERICAL ELECTRICITY. 

SECOND EDITION. 

Note, — Mr. Murray's New Lightning Conductor is erected on St. 
Paul's Church, and tiie new Infirmary^ Huddersfield. 

** A Tery ingenious and very interesting little work." — Monthly 
Review, February 1. 

'* A useful little work, full of amusing as well as valuable anec- 
dotes and instances." — Atlas, July 18. 

'^ This work contains much curious and useful information." — 
Leeds Mercury, December 5. 

'^^incere is our declaration of the keenness and value of Mr. 
Murray's research." — Gentleman? s Magazine, September 1. 

" This, though a brief, is a very interesting History of Elec- 
tricity. It presents a satisfactory view of its agency in almost all 
the phenomena of Nature ; shews how it may be collected, directed, 
and managed by art; and describes its wonderful powers, and the 
instruments which have been invented to detect its presence and 
character." — Ma^/azine of Natural History, No. XVI. for Novem- 
ber, 1830. 

** A volume of simple and conclusive facts." — Bristol Mercury, 

'* The I'ecommendation of paragreles in the treatise on Atmospher- 
ical Electricity is well deserving attention." — Metropolitan, May 2. 

V. 
AN INVENTION, 

FOR FORMING AN INSTANTANEOUS COMMUNICATION 

IN SHIPWRECK. 

Note. — ^The National Institution for Preservation from 
Shipwreck has already established this Invention on the Sussex 
Coast. It is also attached to the life-boat at Whitby. 

** This Invention is exceedingly simple, but appears capable of 
much useful application. The design seem!) entitled to high com-^ 
mendation." — Friends^ Maff. April 1 . 



is pomplilclwill meetvicli immciliute uUention 



bodies 



wliiu 



liavebi 



formed in tills country on tbe same beneToluit principles 
to have actuated Mr. Murray. Tbe compliment is chaUei _ 
lenfald force in bvaur of a contrivance nbich liiis far its nutbor a, 
Kentleman with the infonnadon, expcnenco, and abilitiei of Hr. 
Naccaj."— Monthly KevioB, April 1. 

" The Life -Pbbsers INC ARtiow.^Mr. Murmy'3 description 
is perspicuiins, and the aimpljcily and apparent elhcacr of the In- 
Tention are such as to recommend it strongly lo general attention." 
— Spectaloi; April 16. 

" Mr. Hurmy'ii active and philanthropic mind has Iieen turned 

vi^lnE a line from the shoi-e to a vesEcl in distn-; 
Captain Manbj."— /jeiis JUercicry, May SI. 



than that of 
lortant, and wiU, no iloubt, 



— Uverjtaol Mcrcvfy^ 



" Mr. Murray's InTenlion 
be properly appreciated and eocounL^d. 
nf common feeling must take a deep ' ' 
July 30. 

" — It is a subject of much importance lo a nation like oura, and 
crerj attempt lo save Shipwrecked Mariners, deserves close ex- 
amination and dueencouragemenl. Tbe merits of Captain Manby's 
Invention have been honorably I'ewarded, and we biipe that tbe 
cHorU of Mr. Murray nil! not be disregarded." — Imperial Mag. 
Aug. 1 . 

Tlie experiments appear lo have been as yet pcrfeoUy salisfactoi'y. 
Blessed be the man who sb all perfeut Ibcsc scbenieg!" — United 
Service Journal, December 1, 1831. 

"A complete set u[ Mr. Murray's Apparatus for caving Lives 
fi'om Sbipnrreck having been procured by a suliHriptiDn among 
several ol' Ihe fsentlemen of Whitby, was tried on the pier on 
Friday, and we understand ^ve great satisfaction to the subscriber! 
and others who witnesH^ it. I'his Invention of Mr. M.'s is meant 
lo answer the same purpose as Capt, Manby's Apparatus, riz. by 
throwinj; a line across a vcssol on the strand, to edect a communi- 
cation with Che shore." — }7u(( Adveriiier. 

" The eipenmentj iletalled, leave nu doubt on our minds, that 
Mr Murray's apparatus is by far tbe most efficient that liaa jel 
lie«i devised ; while at the same time it is so cheap and portable, 
that inclination alone in all that can be wantioi; to bring it into 
Univer^I use." — Mecluiiiki' Mag. May 91, 1833. 



" Perhaps there 



iit few contemporary writnrs on practical science 
I of mankind are more due thau lo the or^DBtvr 
tinn. Such a man is indeed a Benefactor bo bi» 
o/Sdi'Mf and Arl, for 1832. 



Mr. Murray has endeavuured la improve it — ("Caplain Manlij'a 
JlKvention) — besides this, he illuminales his arrow in a. very ingenious 
nerj wg look to the priociple of Mr. Murray's laudable eier- 
I, and heartily wish him success in his philanthropic experi- 
■ " -Sautical Ma-j. May 1, 1832. 

fr. Murray's excellent Inrcntion fnr Saving from Shipwrttk, 
_„...acted from a. pamphlet published by that ingeniouB and very 
i^tdlaiitb topic gentliiiDUi." " We caaoot anticipate less llian its 
,i!jieei!y adoption alniig all our shores." " We trust that a great 
-Ud generous nation will mark in some suitable nmnner iti senu of 
4he valuable present be has made toil. If Capt. Manby was thought 
|M11 deserving of £3,3^ foe his imperfect Appaiatui, it cannot be 
^HU tbc! inventor of one in every respect superior to it, sbouM be 
l4uSered to go wholly unrewarded." — Mechanics' May. May 36, 
1832. 

VI. 
RESEAECHES IN NATURAL HISTORV. 

SECOND EDITION. 

"The author of this little work has chosen some of the raost 
, markable pltcnomraa in nature, for descriptioa and illustration , 
freated with naueh praetieol Icnowledgc, gained, it would appear, 
from extensive and patient investigation." — Magosine of Satural 

" The chapter on the Chameleon is particularly interesting, and 
contains the fullest account of that singular animal. A luarm^i 
disquisition on the avcnt of the Spider fallows in Ibe Mcond and 
ftird chapters. On the i[uestion of torpidity, and the numemus 
^instances of torpid animals brought before us, with the facts that 
illuslrate Ihdr habits, the author is very happy. The whole of the 
lemarks on migration are valuable." — Atlas, July 4. 

k "His work is curious and instructive." — Genlleman'a Mag. 
Sq>tcmber 1. 

t, "That most elcver and ingenious litttc work, ' Researches in 
Jlatural History.' " — Author of Die ' Jiniraai of a Natamliit.' 

^ " The value of such Pubh'calions as those before ns greatly con. 

llila in their being adapted lo excila and form a taste for these 
;llitHt hualtliful and salutary studies," &u. " Ibis object Mr. 
.Uurray has had particnlary in view in bis present volume, «l ' 
1 though bearing the marks of extensive soientlfli- attainmenu, ii 
.* miscellaneous and popular character." "The style and leeling 

iisplnyi-d in sucb norlts as ' Salmonia,' ' Journal of a NaMtsUo.^. 



and ■ lie Britisli ^utur[llist,' rtmind iis, it it remirkcd ' of 
ntd times of £v<.-];n bdO Wallon, Dorlinm and Ray, and last aS 
leaat, Ihe omialile Philtuoplivr of Selbnmc,' with these worics bit 
own Heaearches deserve to close aa an iimtnictivc and vaJDable adfi- 
tion to thf materiaJs or pbysiological science." — EclecUc 
Jalj 2, 1832. 



VII. 
A MEMOIR ON THE DIAMOND. 



Die aam- j 

" "Km I 

4 



"The 'Memoir on the Diamand' is interesting." — MelropoHIM, 
Apiil 3. 

"Mr. Murray, in addition to Uie many curious and valualihi 
oonlribations he hu mftde to knowledge, has trritten a little trestiie 
on the DiBjnond, where all that is known of that eitraordinarj put- 
ductian Is ooUccled and illustrated. Mr. Murray tells us of jti 
histoiy, of its site, of its nature, and its various remarkable sped- 
mcns." — Spectator, May 7, 1S31. 

"This little work abnuads in curionaand interesting infomiatiiJOi 
both i.bemical and hisWrical, and wilt veiy well repay the readoi" 
— ieeifs JITcrewy. May 21. 

"—This work will be read with iolwest. It nmtaios the KOmj 
of the largest diamonds knonn, with their weight, he., ani) agiefit 
deal of information in a small compass." — Cotaier, Hay 10. 



natioo in a very ci 

— JMeneum, Julys, ISU. 

VIII. 

DESCRIPTIVE ACCOUNT of a NEW SHOWER 

BATH, &c. 



" We have here auotherilluBtrationof the Anlbor's aim to render 
the inrentiouE of science tributary (a the real benefit of mankind : 
the great superinrity of tliis Shower Bath to lliub« ordinarily used, 
is the facility which it aflbrds of divifling the same supply of water 
into an unhmited number oF showers, &c. &c. 



successful atteation of our scientific author; yet the Apparatus for 
restoring Suspended Animation, and which appears wdl adapted to 
its design, is the subject of chief moment It oooupiei the pnnolpal 
part of these pages, and is described with much oleamcii and intelli- 
gence. "—i^WeiMb' Mag, June 1, 1831. 

'' This Pamphlet contains an account of two ingenious Inven- 
tions. We part from the author with sentiments of respect and 
esteem for his talents and acquii'ements. Bath^ ifc, Qazetie^ May 17. 

'^ A sensible and well written pamphlet. The Apparatus for re- 
storing Suq»ended Animation is intended to operate with air on the 
lungs as a syringe. The Shower Bath is simple and excellent.''— 
Imperial Mag, Aug. 1. 

** We have before noticed this gentleman's efibrts to preserve the 
lives of shipwrecked seamen, and have now a pamphlet describing 
an ingenious improvement on the Shower Bath, and giving valuable 
directions to be observed in the treatment requisite to resuscitate 
persons who are apparently drowned. * * *. This is an elegant 
way of enlisting natural philosophy into our service, and disarms 
this excdient and convenient mode of bathing of all its former 
objections. Besides offering to the public a hi^y improved appa- 
ratus for inflating the lungs of drowned persons, Mr. Murray en- 
hances the benefit by some very sensible renuurfcs, leading to preeao- 
tions too often n^jlected." — Untied Service Jawmalf May L 
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